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Malva Yellows, an Aphid-Transmitted Virus Disease 
A. S$. Cosra', JAMes E. Durrus*, AND Roy BarpIN* 
Received for publication June 9, 1958 

Several introduced European species of the genus Malva have 
become naturalized in California and are now common weeds 
in various parts of the state (7, 8)‘. In the Salinas Valley, species 
of this group, known generally as mallow plants, are perhaps 
among the most prevalent weeds on waysides, along fences, in 
waste places, and in the fields of many crop plants. 

An abnormal yellowing of the foliage of Malva weeds, espe- 
cially cheeseweed (M. parviflora L.), has occurred in California 
for several years. This yellowing was found to result from in- 
fection with a virus disease not heretofore described and distinct 
from others already known to occur in the state. The possibility 
that this prevalent disease might be of importance in relation 
to the yellowing complexes of sugar beets and other economic 
plants led the writers to study it. The results of the investiga- 
tions on this newly described disease, which has been named 
“malva yellows,” are reported in this paper. 

Geographical Distribution 

Malva yellows is known to occur in various parts of California. 
Nothing is known of its occurrence in other parts of the United 
States, although the host species of Malva are widely distributed 
throughout the country (4). 

In areas where malva yellows occurs, the disease may be found 
on cheeseweed plants at any time of the year. Natural stands 
of this weed generally show high incidence of the disease, espe- 
cially large plants growing along fences, roads, or around utility 
poles and pump houses. It is sometimes difficult to find cheese- 
weed plants without symptoms even among seedlings of this species 
that are growing amid crop plants. 

Cheeseweed plants are regarded as the most important source 
of the malva yellows virus. Since this species is also an excellent 
food and breeding host for the vector, there is always a great 
chance that the disease might spread from this weed to susceptible 
crop plants. 

Economic Importance 

It is obvious that yellows of mallow would be a _ beneficial 
disease if its attacks were limited to weeds of this group. The 

1 Collaborator, U. S. Department of Agriculture, and Plant Pathologist, Instituto Agron- 
omico, Campinas, Brazil. On a fellowship appointment from the John Simon Guggenheim 
Memorial Foundation to work at the U. S. Agricultural Research Station, Salinas, California. 

2 Plant Pathologist, Crops Research Division, Agricultural Research Service, U. S$. Depart- 
ment of Agriculture, Salinas, California. 


8 Plant Pathologist, Monterey County Department of Agriculture, Salinas, California. 
*‘ Numbers in parentheses refer to literature cited. 
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disease, however, may affect some ornamental Malvaceae, crop 
plants of Chenopodiaceae, and probably of other families. 

In the Salinas Valley, malva yellows has been found to be 
associated with toliage yellowing in spinach (Spinacia oleracea 
L.) that impairs the value of the crop. However, the economic 
importance of this disease in relation to the spinach yellows 
complex has not yet been ascertained. 

In a few instances the malva yellows virus was recovered 
from field-grown sugar-beet (Beta vulgaris L.) plants that were 
showing mild yellowing symptoms. The possibility exists, there- 
fore, that this virus may also cause some yellowing of sugar beet 
under field conditions. 

The malva yellows virus has been recovered from some weeds 
of the Cruciferae family showing yellowing of the lower leaves. 
Whether the disease may affect crop plants of this family is not 
yet well established. 


Materials and Methods 

Except in tests designed to determine the host range, the 
differential host plant used to study malva yellows was cheeseweed. 

In most cases the inoculations were carried out with seed- 
lings that had 2 to 4 foliage leaves. In a general way, younger 
seedlings were more susceptible to infection than older ones. 

Malva yellows virus was obtained from infected cheeseweed 
or spinach plants collected in the Salinas Valley. Several different 
collections were made, but little difference was noted among them. 

The various species of aphids tested as vectors were reared 
on appropriate host plants confined in cages within an insectary. 
Nonviruliferous green peach aphids (Myzus persicae (Sulz.) ) 
were reared on radish (Raphanus sativus L.). 

In routine transmission tests, the insects were permitted to 
feed on the virus source for 48 hours and then for an equal 
period on the test plants. 


Host Range 

Studies on the host range of the malva yellows virus were 
carried out in two ways: 1) By placing nonviruliferous green 
peach aphids on various plants collected in areas where the dis- 
ease was very prevalent among cheeseweed and after 48 hours 
transferring the insects to healthy cheeseweed seedlings, and 2) by 
placing at least five seedlings of a number of species in an in- 
sectary compartment where a large population of viruliferous 
green peach aphids was being reared on malva yellows infected 
cheeseweed. In the latter method, a large number of insects were 
shaken from the virus source plants onto those to be inoculated 
and permitted to feed for 48 hours; afterwards, the test plants 
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Table 1.—List of Species from Which the Malva Yellows Virus Has Been Recovered. 





Althaea rosea (L.) Cav. GR, NS* Malva rotundifolia L. FR, GR, NS 
4maranthus sp. FR, GR, SQ Nicotiana alata Link & Otto GR, NS 
Beta patellaris, Moq. GR, SP N. clevelandii Gray, GR, SP 

B. patula Ait. GR, NS Petunia hybrida Vilm. GR, NS 

B. vulgaris L. FR, GR, SQ Raphanus sativus L. FR, SQ 
Brassica campestris L. FR, SQ Rumex crispus L. FR, GR, NS 

B. juncea (L.) Coss. GR, NS Senecio vulgaris L. FR, GR, NS 
Capsella bursa-pastoris (L.) Medic. FR, GR, SQ Silene gallica L. GR, NS 

Cerastium viscosum L. GR, SQ Sonchus oleraceus L. GR, NS 
Erodium cicutarium L'Her, FR, GR, SQ Spinacia oleracea L. FR, GR, SP 
Hibiscus esculentus L. GR, NS Stellaria media (L.) Cyr. FR, GR, NS 
Lactuca sativa L. FR, SQ Tetragonia expansa Murr. GR, NS 
Lamium amplexicaule L. FR, GR, NS Urtica urens L. FR, GR, NS 
Lavatera assurgentiflora Kell. GR, SP Zinnia elegans Jacq. GR, NS 


Malva parviflora L. FR, GR, SP 





1 FR—Recovered from field piants; GR—Recovered from greenhouse-inoculated plants; 
SP—Symptoms present; NS—No symptoms noticed; SQ—Symptoms questionable. 


were removed from the insectary, sprayed, and placed in the green- 
house. Since many host plants of the malva yellows virus permit 
its increase without showing symptoms of infection, recovery 
was attempted from all inoculated species. 

Host plants of the malva yellows virus, based on results from 
recovery tests from field plants and from greenhouse-inoculated 
plants, are listed in Table 1. Several species of weeds and eco- 
nomic plants are shown to support increase of the malva yellows 
virus and some were found to be naturally infected with the 
virus in the field. 

Symptoms 

Species that supported increase of the malva yellows virus 
showed either moderate symptoms, consisting of yellowing of 
the lower leaves, or were symptomless carriers. The description 
of the reactions of a selected group of host plants follows: 
Cheeseweed 

Field-infected plants show strong yellowing in the lower and 
middle leaves. The yellowing pattern may be sectorial in the 
early stages of the disease, but in the later stages tends to invade 
the whole leaf, except for narrow areas along the main veins. 
Leaves higher on the plant show yellowing symptoms as they 
become older, but not all such leaves will necessarily develop 
them. In these leaves, the symptoms generally appear near the 
margins and progress towards the center of the leaf. Young leaves 
on the main stem or those on axillary branches do not show 
yellowing, but may develop such symptoms later. The yellowing 
symptoms are usually more severe in the early stages of the dis- 
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ease. A certain degree of recovery is rather common, but a few 
leaves with symptoms are usually present on affected plants. 

The first symptoms of infection in cheeseweed seedlings 
inoculated in the greenhouse appear 8 to 15 days after inocula- 
tion as yellowish areas between the radiating main veins of the 
leaf. Frequently these yellow areas involve the whole space be- 
tween two adjoining veins and are sectorial in shape (Figure 
1-B). These symptoms possibly represent areas where increase 
of the virus occurred after its introduction into the plant. These 
areas increase in size and may occupy the whole leaf, or only 
part of it. In late stages these and other lower leaves on the 
plant show a more generalized type of yellowing, only a narrow 
area along the main veins remaining green. Systemic invasion 
of the plant seems to be accompanied by a mild veinclearing 
of the young growth in some instances, but this is not a common 
feature of the disease. A certain degree of recovery follows the 
appearance of early symptoms, and infected older leaves may 
shrivel and die so that the infected plants may appear healthy 
at times. Recovered plants may remain without symptoms if they 
are growing slowly or yellowing symptoms may reappear later 
as the plants age. 

So far, cheeseweed has been the best differential host for 
malva yellows because of the distinctive early symptoms. Although 
experimental results are not available, observations have indi- 
cated that good lighting is favorable for the manifestation of 
malva yellows symptoms in this species. Another advantage of 
this species is the fact that it is apparently immune from com- 
mon field strains of beet yellows, thus providing a good means 
of differentiating between the two viruses. 

Cheeseweed plants growing in the greenhouse frequently 
show several anomalies that may result in death of the lower 
leaves. These conditions, whether due to nutritional disturbances, 
to fumigation, or to other factors, are not yet understood and 
might be confused with symptoms of malva yellows, thus making 
the observations on this disease more difficult. 


Under certain conditions in the greenhouse, cheeseweed plants 
that were inoculated with malva yellows developed the symptoms 
of this disease and in addition leaf malformation and _ rosette 
(Figure 2). Similar symptoms were observed on field plants in 
only two instances, but were rather common in the greenhouse, 
and seemed to be related to conditions of reduced light during 
a series of overcast days. 

It has not yet been ascertained whether the symptoms of 
rosette and leaf malformation represent variations in symptoms 
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Figure 1—Symptoms of malva yellows on cheeseweed. A, Greenhouse- 
infected plants; B, initial leaf symptoms following aphid inoculation; C and 
D, progressive stages of leaf yellowing. 
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Figure 2.—Symptoms of rosette and malformation accompanying malva 
yellows. A, Greenhouse-infected cheeseweed plant; B, normal (left) and mal- 
formed leaves. 
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of malva yellows due to environmental conditions, or result from 
the presence of another virus that causes a disease the symptoms 
of which are expressed only under such conditions. 

Several attempts to obtain the malformation and rosette symp- 
toms in the absence of malva yellows have failed. Neither has 
it been possible to obtain consistently the manifestation of these 
symptoms. 


Malva rotundifolia 

This species can be infected with the malva yellows virus, 
but does not show symptoms under greenhouse conditions. Non- 
viruliferous aphids fed on inoculated Malva rotundifolia plants 
produced malva yellows when transferred to cheeseweed seedlings. 


Nicotiana clevelandii 

Veinclearing or a slight mottling of the young leaves, accom- 
panied by some rugosity’ was noticed in the infected plants 8 to 
12 days after inoculation. As the plants grew older, the lower 
leaves began to turn yellow and the upper leaves showed inter- 
veinal chlorosis. Yellowing of the lower leaves was intensified 
as the plants aged, and even the upper ones in some instances 
showed marked symptoms at maturity. 


Association of Malva Yellows Virus and Yellowing of Spinach 
Spinach plants infected with malva yellows in the greenhouse 
have not shown definite symptoms. Occasionally, however, the 
plants have shown mild yellowing of the vein islets in older 
leaves, mostly near the leaf tips or in the interveinal areas. 

Field spinach plants inoculated’ when approximately half 
grown showed only mild symptoms about 30 days after inocula- 
tion. Symptoms consisted of yellowing of the lower leaves near 
the tip and around the border (Figure 3). Comparable plants 
inoculated with strains of the beet yellows virus previously iso- 
lated from spinach showed severe yellowing and stunting. Plants 
inoculated with a mixture of the malva yellows and beet yellows 
viruses showed symptoms still more severe. 

After it was found that spinach plants supported the increase 
of the malva yellows virus, it became of interest to investigate 
whether or not it could be associated with the yellowing of 
spinach foliage present in fall-and winter-planted fields in the 
Salinas Valley. 

Several spinach fields planted in the latter part of 1956 and 
early in 1957 were surveyed, and a number of plants displaying 


5 The writers are greatly indebted to F. W. Zink, Associate Specialist in Vegetable Crops, 
University of California, Davis, California, for preparing the field plots and helping with the 
inoculations of the spinach plants. 
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Figure 3.—Symptoms incited by the malva yellows virus on spinach. A, 
infected and healthy field plant; B, diseased leaf from field inoculated plant. 
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yellowing were collected at random from each field. The in- 
dividual plants in each sample were placed with their roots in 
water and nonviruliferous green peach aphids were fed on them 
for a period of 48 hours. Afterwards the insects were transferred 
to healthy cheeseweed and sugar beet seedlings. The results of 
a number of these recovery tests (Table 2) show that the malva 
yellows virus was present in the yellow spinach leaves either 
alone or accompanied by the beet yellows virus in almost all 
instances. The frequency of plants infected with the two viruses 
was higher in the samples from the fall crop. Malva yellows virus 
alone was found much more frequently than beet yellows virus 
alone. 


Table 2.—Results of Virus Recovery Tests from Field Spinach Plants Showing Foliage 
Yellowing. 





Number of Plants from Which the Indicated Viruses 
were Recovered 


Malva Yellows 





Field Number of Plus Malva Ye!lows Beet Yellows 
No. Plants Tested Beet Yellows Alone Alone 
1 5 5 0 0 
2 10 10 0 0 
3 5 : 2 0 
4 10 4 5 0 
5 15 l 12 0 
6 10 5 4 0 
7 9 0 7 0 
8 5 1 2 2 
9 5 5 0 0 

10 6 0 5 0 





1 All fields located in Monterey County, California. Fields 1-4, fall-planted; fields 5-10, 

winter-planted. 
Transmission Tests 

Seed 

No experiment was carried out specifically to determine 
whether or not malva yellows was transmitted through cheese- 
weed seeds. However, several thousand seedlings of this species 
were raised in the greenhouse from seed produced by field plants 
that were infected by the disease. Careful observation of these 
seedlings up to the time they were used in tests failed to show any 
evidence of malva yellows infection. 


Tissue Union 

A total of 15 cheeseweed seedlings were inoculated by graft- 
ing with malva yellows infected scions. Twelve of the seedlings 
on which the grafts established organic union became infected 
and showed symptoms of the disease. 
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Mechanical Transmission 


Many attempts were made to transmit malva yellows virus 
by mechanical inoculation, employing routine methods and some 
of the usual variations. These included the use of abrasives, ex- 
traction of the inoculum in a 0.02 M phosphate buffer solution 
at pH 7, in 0.02 M sodium sulfite alone or added to the buffer. 
Inoculum for these tests was obtained mostly from infected cheese- 
weed or Nicotiana clevelandii plants. 


A minimum of 5 plants of over 35 species were tested, includ- 
ing those that had been found to be susceptible to malva yellows 
when inoculated by means of the insect vector. Cheeseweed and 
Nicotiana clevelandii plants were used to a much larger extent 
than other species in the mechanical transmission tests. Also, in 
some of the tests with these two species the test plants were con- 
ditioned in the dark for 48 hours before inoculation. 

None of the plants inoculated mechanically with malva 
yellows showed symptoms of infection nor was any virus recovered 
from them. 


Insect Vectors 

Malva yellows has been found to be an aphid-transmitted 
virus disease. Myzus persicae is a vector of the virus, as well as 
M. ornatus Laing and Aphis gossypii Glov. A few attempts to 
transmit malva yellows virus with other species of aphids were 
made. The results of the aphid transmission tests except for those 
of M. persicae are presented in Table 3. 


Table 3.—Results of Transmission Tests with Malva Yellows Using Plants of Malva 
parviflora and Various Species of Aphids. 





Number of Plants Infested with the 
Indicated Aphid Species and Num- 
Species of Aphid ber Becoming Infected 





Infested Infected 


Aphis fabae Scop 26 0 
4. gossypii Glov. 5 3 
A. helianthi Monell 35 0 
4. helichrysi Kalt. 30 0 
Macrosiphum dirhodum (Walker) 27 0 
M. sp. near erigeronensis Thos. 16 0 
Myzus ornatus Laing 33 21 
Rhopalosiphum conii (David.) l 0 
R. fitchii (Sand. ) 22 0 

0 


Therioaphis maculata (Buckton) 
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Virus-Vector-Plant Relationships 
Although species of aphids other than the green peach aphid 
transmitted malva yellows, the virus-vector-plant relationships 
were studied only with this species. 


Number of Insects Per Plant and Percentage of Infection 
Viruliferous aphids bred on diseased cheeseweed plants were 
used in tests designed to determine the efficiency of different 
numbers of insects per plant in securing infection. The insects 
were fed on the cheeseweed test plants singly or in groups of 
3, 9, and 27 insects per plant. After a 24- or 48-hour feeding 
period they were killed with a TEPP spray application. The 
results of these tests are in Table 4. Single insects transmitted 
malva yellows to more than 50 percent of the plants. Trans- 
mission percentages increased with larger numbers of insects. 


The number of plants infected from single-insect inocula- 
tions (Table 4) is rather low; much better results were obtained 
in other tests. When the persistence of the virus in the vector 
was studied with single insects (Table 9), it was found that out 
of 20 insects bred on diseased plants only | failed to infect at 
least one cf the test plants. Also, 24 insects were tested singly 
in another experiment and they all produced infection in the 
test plants. 


Table 4.—Results of Transmission Tests with Malva Yellows Virus, with Different Num- 
bers of Green Peach Aphids per Plant. 





Number of Cheeseweed Seedlings Inoculated and Infected, when Colon- 
ized with the Indicated Number of Viruliferous Insects Per Plant 














| 3 co) 27 

Test 

No. Inoc. Inf. Inoc. Inf. Inoc. Inf. Inoc. Inf. 
1 8 3 8 8 + 3 4 4 
2 8 6 8 7 4 4 4 4 
3 16 6 16 12 8 7 8 & 
4 16 11 16 15 8 R 8 8 
5 16 10 16 15 8 8 8 8 

Percent 

Transmission 56.3 89.1 93.8 100 





Other tests were carried out to determine the persistence 
of the virus in the vector as related to the feeding period on the 
virus source. In these tests insects that were fed on the virus 
source plant for periods of 6 to 48 hours were considerably less 
efficient vectors than those bred on diseased plants. 
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Feeding Time Required by Viruliferous 
Vectors to Infect Test Plants 

These tests were conducted with insects bred on diseased cheese-- 
weed. Groups of 5 insects were placed on each of the test plants 
and permitted to feed for varying periods. At the end of the 
feeding period the insects were removed and the plants were 
sprayed with TEPP. The results of these tests are in Table 5. 
They show that in most cases the shortest feeding period tried, 
1.5 hours, was long enough to secure a fair percentage of trans- 
mission. 


Table 5.—Feeding Time Required by 5 Viruliferous Green Peach Aphids to Infect 
Cheeseweed Seedlings with the Malva Yellows Virus. 





Number of Plants Infected Out of 4 on which the Aphids were Allowed 
to Feed for the Indicated Period in Hours 











Test 

No. 1.5 3 6 12 24 
I 2 4 4 4 
2 4 3 4 4 
3 0 0 0 0 2 
+ l 2 3 3 3 
5 2 3 2 3 3 
6 1 2 3 4 4 
7 2 4 3 4 4 

Percent 

Transmission 42.9 55.0 64.3 78.6 85.7 





Table 6.—Feeding Period on Malva Yellows Virus Sources Required by the Green Peach 
Aphid to Become Infective. 





Number of Cheeseweed Seedlings Infected Out of 4 that Were Inoculated 
with Groups of 5 Insects Fed on the Source of Virus for the Indicated 
Number of Hours. 











Test 

No 1.5 3 6 12 24 
1 l 4 4 4 
2 1 3 4 3 
3 2 1 4 4 4 
4 0 0 0 2 2 
5 0 1 2 2 4 
6 l 0 2 l 4 
7 0 0 3 3 2 
8 l 3 1 2 2 
9 I 0 1 1 1 

Percent 


Transmission 19.4 17.9 55.6 63.8 72.2 
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by the Vector to Become Infective 


Radish leaves with green peach aphids from the nonviruli- 
ferous stock colonies were placed in a dry container overnight. 
Next morning the crawling insects were placed on cheeseweed 
plants infected with malva yellows. After determined feeding 
intervals, insects were removed from the virus source plants and 
placed in groups of 5 aphids per plant on cheeseweed seedlings. 
The insects were permitted to feed 72 hours and were then killed. 
The results of these tests are in Table 6. The minimum feeding 
period tried, 1.5 hours, was enough to permit some insects to 
become viruliferous. As expected, efficiency of the vectors in- 
creased with increase in feeding time on the virus source. 


The aphids, in the tests described above, were fed on various 
source plants. When the transmission results were plotted against 
the virus source plants, it was noticed that the differences be- 
tween the sources very often outweighed those between feeding 
periods. From some of the source plants results were very poor, 
suggesting that virus content in them was extremely low. In a 
few instances there was difficulty in recovering virus. The same 
indications were noted in results from single insect inoculations 
when the vectors were fed on various source plants. 


Incubation Period of the Malva Yellows Virus in the Vector 

The incubation period of the malva yellows virus in the green 
peach aphid was studied in a series of tests. Nonviruliferous 
aphids bred on radish were starved overnight and placed on 
diseased cheeseweed the next morning. After feeding periods 
of 3, 6, and 12 hours, groups of 5 insects were removed from 
the virus source plant and transferred serially to healthy cheese- 
weed seedlings. The intervals between transfers were such as 
to permit testing for incubation periods of 6, 12, 24, 48. and 
96 hours. 


In further tests another technique was utilized in an effort 
to reduce possible injuries to the insects resulting from the 
serial transfers and to increase the feeding time on the test plants. 
The aphids were allowed to feed on the virus source for 3, 6, and 
12 hours and were then colonized in groups of 5 per plant on 
healthy cheeseweed seedlings for the necessary time intervals to 
permit testing for incubation periods of 6, 12. 24, 48, and 96 


hours. The results of these tests are in Table 7. 


In other tests, the incubation period of the virus in the vector 
was studied with single insects. Four feeding periods on the 
virus source were tried: 6, 12, 24, and 48 hours. Incubation 
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Table 7.—Results of Tests to Determine the Incubation Period of the Malva Yellows 
Virus in the Green Peach Aphid. 





Number of Cheeseweed Seedlings Infected Out of 4 
Inoculated with 5 Insects in which the Virus had the 








Feeding Period Following Incubation Periods in Hours 

Test on Virus Source 
No. in Hours 6 12 24 48 96 
l 3 0 0 0 0 1 
6 0 0 1 2 
2 3 0 0 0 1 0 
6 0 0 2 2 
3 6 0 1 2 4 
12 0 2 3 
4 3 0 0 0 0 $ 
6 0 2 1 l 
12 ; 0 2 2 
5 3 0 0 1 1 2 
6 0 l 2 2 
12 0 1 3 





Tests 1-3, serial transfers; 4-5, continuous feeding on test plant to reach the time interval 
under test. 


periods up to 144 hours were tested in serial transfers with the 
single insects. The results of 2 tests are in Table 8. 


The data obtained in the tests with single insects or with 
groups of 5 indicated that the incubation period of the malva 
yellows virus in the green peach aphid was between 12 and 24 
hours. 


Table 8.—Results of Tests to Determine the Incubation Period of the Malva Yellows 
Virus in Individual Green Peach Aphids. 





Number of Cheeseweed Seedlings Infected Out of 8 Inocu- 
lated with Single Insects in which the Virus had the Follow- 








Feeding Period ing Incubation Periods in Hours 
Test on Virus Source 
No. in Hours 12 24 48 72 % 120 144 
1 6 0 l 0 1 2 2 0 
12 1 1 3 0 2 1 
24 l 0 0 1 2 
48 l 2 2 1 
2 6 0 0 0 1 0 0 l 
12 3 z 5 5 5 
24 2 4 4 3 3 
48 6 5 4 4 
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Persistence of the Virus in the Vector in Serial Transfers 


In a test carried out to study the persistence of the malva 
yellows virus in the green peach aphid, 20 insects bred on dis- 
eased cheeseweed plants were used singly in daily serial transfers 
on healthy cheeseweed seedlings. Out of 20 insects only | failed 
to transmit the virus. The results obtained with 12 of the aphids 
that survived longest are in Table 9. The insects were highly 
efficient in transmitting the virus during the first 10 transfers, 
but there was a definite loss of transmitting ability in the latest 
transfers of those insects surviving for 19 days or longer. The 
longest retention period observed was 18 days. 


In another test the persistence of the virus was studied in 
individual green peach aphids that had fed on the same virus 
sources for different intervals of time. Four virus sources and 
4 feeding periods, 6, 12, 24, and 48 hours, were tried. Two aphids 
from each time and source plant combination were transferred 
serially to a new cheeseweed seedling every other day until all 
aphids died. The results with 32 aphids are in Table 10. The 
aphids that had fed for only 6 hours on the virus sources gave 
poor transmission results but transmission was good when the 
aphids fed for 12 hours or longer, and there was little difference 
among them. Most of the aphids that acquired the virus remained 
‘viruliferous throughout their life. The apparent discrepancy 
between these results and those obtained on the daily transfers 
suggested the possibility that virus increase in the plant might 
occur in 48 hours and that the aphids in this experiment had 
thus been able to replenish themselves with virus. A series of 
tests was then carried out to verify this point. 


In an early series of tests, healthy cheeseweed seedlings were 
inoculated with groups of viruliferous green peach aphids. These 
were removed after 12 or 24 hours and nonviruliferous aphids 
were then placed on the plants to pick up the virus; the aphids 
were tested at different intervals after they had started feeding. 
In one of the tests, the inoculation was carried out with viruli- 
ferous winged aphids, nonviruliferous nymphs being placed 
simultaneously on the plants and tested at intervals. The re- 
sults of these tests showed that nonviruliferous aphids were able 
to acquire virus from plants within the 48-hour period after their 
inoculation, but not in 24 hours. These results could be inter- 
preted as indicating that the virus increased in the plants within 
the 48-hour period and thus became available to the nonviruli- 
ferous insects, or that the amount of virus first introduced by the 
viruliferous insects had been large enough to permit the non- 
viruliferous vectors to pick it up. 
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Table 10.—Cheeseweed Seedlings Infected (+) and Non-infected (—) in Two-Day Serial 
Transfers with Single Green Peach Aphids Fed on Malva Yellows Sources for Different Per- 


iods of Time. 
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Feeding 
Period 
in Virus Aphid 
Hours Source Number Successive Serial Transfers 
6 A 1 Salient aii te d 
2 —d 
B SO ae ee ee d 
40 ———-— d 
Cc 5 +_——— d 
oo d 
D 7 ——-—¢+d 
8 ——-—d 
12 A 9 ++++4+++4+d 
10 t+ +—-4H+4+4+4+———-——-—— +_—— — — d 
B 11 —++4+4+4++4+-—-———+—d 
12 ——-—d 
C 13 t+ —te— Heme ee d 
14 ——--—-—¢4d 
D 15 +++4+4+4+4+—-+4+4+4+4+4+-——4d 
16 —+++++++4+++-—d 
24 A 17 +———— d 
VB eae aaa eee ee d 
B IO eee eee ee a 
20 celiieetitcemstioe ailitemntiieetitemtiemd=itetiedtitietie t= d 
Cc 21 +++-———d 
22 +t++t+ee4¢4+4+4+4+-—-—-—-—-—-—— d 
D 23 —+-—¢+4+4+-—4d 
24 +++4+++++-—-+4+-—-4+-—-—d 
18 A 25 ——— +e —— He ++ —— — -— A 
26 ee ee d 
B 27 = illicceelienetiientitcetiine sittielitemetiemetiemedtictitetitetitcdtietie: d 
28 ++4+4+4+4++4+4+4+4+4+-—+4+-—-—-—-—d 
Cc 29 —++—4+#++++++—4+-—¢4¢+4+4d 
30 ++4+44+4+4+4+4+4+4+44-— ~d 
D 31 + +4 + 
32 + ++4+4+4+4+4+44+4+4++4+-———4d 








d—lInsect died 


In a further series of tests, inoculations were effected with a 
single viruliferous aphid and recovery of virus was attempted 
with groups of nonviruliferous insects. Testing of the aphids 


used for recovery was 


inoculated leaves and on the upper leaves of the same plants. 










made separately for those fed on the 
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Table 11.—Recovery of the Malva Yellows Virus from Inoculated Plants at Short Inter- 
vals After Inoculation. 





Number of Plants Infected Out of 8 that were Inoculated with 20 Green Peach 
Aphids Per Plant, Fed on Source Plants Previously Inoculated with a Single 
Viruliferous Aphid the Indicated Number of Days Before 











2 4 6 
Aphids Fed Aphids Fed Aphids Fed Aphids Fed Aphids Fed Aphids Fed 

Test on Inocul. on Other on Inocul. on Other on Inocul. on Other 
No. Leaves Leaves Leaves Leaves Leaves Leaves 

l 0 0 6 4 8 6 

2 0 0 8 8 8 8 

3 l 0 7 7 8 7 

{ 3 0 6 5 8 8 





The results of these tests are in Table 11. They show that even 
when the source plant was inoculated with a single aphid, groups 
of nonviruliferous vectors could acquire virus from it within 
48 hours after inoculation and be able to infect healthy plants 
on which they were subsequently fed. Only the aphids fed on 
the inoculated leaves were able to pick up virus within the 48- 
hour period after inoculation. 


Persistence of the Virus in Vectors on an Immune Host Plant 

Tests were carried out in which viruliferous insects were 
transferred to immune tomato (Lycopersicon esculentum Mill.) 
plants and then tested at intervals. Aphids were removed daily 
from the tomato plants and placed at the rate of 2 insects per 
plant on 4 cheeseweed seedlings. The results of these tests showed 
that the virus was retained in the vector up to 7 days, the longest 
period which the insects survived on tomato. After the tests were 
terminated, the tomato plants were tested for virus and found 
to contain none. 


Transmission of Malva Yellows and Sugar Beet 
Yellows Viruses by the Same Insects 


The green peach aphid is an efficient vector of the malva 
yellows virus, a typically persistent virus. The same insect is 
also an efficient vector of the beet yellows virus, which is con- 
sidered semi-persistent (11). The possibility that the presence 
of one of these viruses might interfere with transmission of the 
other by the same insect seemed worth investigating. 
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Twenty-four green peach aphids that had been reared on 
diseased cheeseweed plants were fed for 24 hours on a sugar 
beet plant infected by beet yellows. After this feeding period the 
insects were transferred singly to sugar beet seedlings, allowed 
to feed for 24 hours, and then transferred, also singly, to healthy 
cheeseweed seedlings. 

Out of the 24 insects that were tested, 15 induced beet yellows 
on the sugar beet seedlings on which they fed; all 24 insects trans- 
mitted malva yellows virus to the cheeseweed plants. Transmis- 
sion of beet yellows virus by individual green peach aphids not 
carrying malva yellows virus was not attempted in this experi- 
ment. It is not possible, therefore, to judge whether transmission 
of the beet yellows virus was better or worse with insects carry- 
ing the malva yellows virus. 

Since the beet yellows virus is retained in the vector for only 
a short period (2, 11, 12, 13), the reversed order of feeding was 
not attempted. 


Name and Description of the Virus 

The malva yellows virus appears to be an undescribed virus. 
Its general characteristics agree with those of the genus Corium 
of the family Marmoraceae according to Holmes’ system. The 
following name and description are proposed for the virus. 

Corium malvae sp. nov. 

Common name: malva yellows virus. An aphid-transmitted, 
persistent virus commonly found in species of Malva and other 
weeds and in crop plants. M. parviflora L. is an indicator plant, 
showing yellowing of lower and middle leaves. M. rotundifolia 
L. is a symptomless carrier. Other suscepts include Spinacia 
oleracea L., Beta vulgaris L., Nicotiana clevelandii Gray, Senecio 
vulgaris L., and other plants. 

Myzus persicae (Sulz.), M. ornatus Laing., and Aphis gossypii 
Glov. are vectors. M. persicae is a highly efficient vector, single 
insects transmitting the virus to more than 50 percent of the 
plants. The vector may become infective after feeding on virus 
source for 1.5 hours and may infect healthy plants within an 
equal period. Incubation period of the virus in the insect is 
between 12 and 24 hours. Virus is retained by the vector for 18 
days in daily serial transfers. 

Transmitted by grafting, but not by mechanical inoculation. 

Descriptive habitat: widespread on Malva parviflora in Cali- 
fornia. 

Discussion 

Malva yellows presents many points of similarity with other 
well known virus diseases of the yellows type, although it can 
be differentiated from them. 
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Beet yellows and malva yellows occur in the same areas in 
California. They are transmitted by the same vector and have 
some common host plants. Recovery tests have indicated that 
both viruses can coexist in the field in the same plant, such as in 
spinach, beet, and chickweed, as well as other weeds and crop 
plants. 


Malva yellows can be distinguished from beet yellows on the 
basis of being incited by a typically persistent virus that can be 
retained in the vector for as long as 18 days. Beet yellows virus 
is semi-persistent (11), being retained in the vector for a much 
shorter period (2, 11, 12, 13). Also, common field strains of the 
beet virus cause more severe symptoms on spinach, but do not 
seem to infect cheeseweed. 

Reports from England (14), Ireland (3), and Australia (9) 
have mentioned mild yellowing diseases of beets somewhat dif- 
ferent from regular beet yellows. The viruses responsible for the 
Irish and Australian diseases failed to show serological relation- 
ship with beet yellows. Since species of Malva are common 
weeds in Europe (4) and Australia (6), it is possible that the 
malva yellows virus may also occur in these continents, and that 
its effects on beets and spinach have been confused with those of 
the beet yellows virus. 


Several other yellows diseases have been reported from Calli- 
fornia. Filaree red leaf (1, 5) is also incited by a typically per- 
sistent virus. It differs from malva yellows virus in that it has 
a restricted host range and is not transmitted by Myzus persicae. 
Sugar beet yellow net (10) is easily differentiated from malva 
yellows by symptoms on a number of host plants and by being 
less efficiently transmitted by the green peach aphid. 


Climatic and agricultural conditions of the Salinas Valley make 
this area an excellent breeding ground for aphids and it is con- 
sequently an area where aphid-transmitted viruses are of great 
importance. The writers have observed other types of yellows 
diseases apparently distinct from those discussed in this paper. 
These diseases would probably be lumped together with other 
known diseases for lack of a differential test. 


Tests showed that nonviruliferous aphids could acquire the 
malva yellows virus when feeding on plants that had been in- 
oculated with viruliferous insects only 48 hours earlier. How- 
ever, within the 48-hour period, only aphids that fed on the same 
leaf on which the viruliferous aphids had been caged were able 
to acquire the virus; not those that fed on other leaves of the same 
plant. Within a 4-day period after inoculation, aphids that fed 
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on leaves at the growing point were also able to acquire virus. 
It is not possible, at present, to decide whether these results should 
be interpreted as evidence that virus increase occurred in the 
inoculated leaves within 48 hours or whether the nonviruliferous 
aphids picked up virus introduced by the single viruliferous 
aphid. Even if virus increase occurred within 48 hours after 
inoculation, the recovery results seem to indicate that this did 
not take place in 24 hours, and therefore it can be assumed that 
in the 24-hour serial transfers the aphids were not able to re- 
plenish themselves. The results obtained in the daily transfers 
are thus considered as indicative that the malva yellows virus 
can be retained in the vector for 18 days. 

Malva yellows is one of the most persistent, aphid-transmitted 
viruses. Single insects reared on diseased plants are highly efficient 
in its transmission and practically 100 percent of the aphids are 
capable of becoming infective. These facts might suggest that 
Myzus persicae supports multiplication of the malva yellows virus, 
as in the case of some leafhoppers and the viruses they transmit. 
However, results from single-insect transfers on healthy seedlings 
have shown that practically all the insects that lived long enough 
lost their infectivity after a number of transfers. This suggests 
that there was a depletion of virus in the insect’s body when it 
did not have access to the virus source. It could also be reasoned 
that virus multiplication could occur only during the early life 
of the insect and that increase of virus in the vector is followed 
by a recovery stage in which virus concentration would be re- 
duced or practically disappear. It is felt that the malva yellows 
virus and its vector provide excellent material to verify some of 
these assumptions as well as for other studies pertaining to the 
relationship between the virus and its aphid vector. 


Summary 

Malva yellows is a newly described virus disease found in 
California on Malva parviflora, spinach, and other plants. Its 
incidence among susceptible Malva weeds is high at all times of 
the year. The disease is considered one of the components of 
thé spinach yellowing complex in the Salinas Valley, and is also 
likely to be a factor in yellowing diseases of other plants. 

Symptoms of malva yellows in Malva parviflora consist of 
marked yellowing of the lower and middle leaves. In early stages, 
yellowing may be limited by the main veins, but late yellowing 
symptoms affect most of the leaf area, except for narrow bands 
along the larger veins. Recovery from symptoms is rather com- 
mon. 
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Malva yellows is incited by a persistent, aphid-transmitted 
virus, described under the name Coritum malvae. Myzus persicae, 
M. ornatus, and Aphis gossypii are vectors. The disease was trans- 
mitted by grafting but not by mechanical inoculation. 

Myzus persicae is an efficient vector, single viruliferous insects 
transmitting the virus to more than 50 percent of the plants on 
which they feed and commonly to all of them. The insect may 
become infective after feeding on the virus source for 1.5 hours; 
its effectiveness increases with increase in feeding time. Virulli- 
ferous green peach aphids can infect healthy cheeseweed in a 1.5- 
hour feeding period. The incubation period of the virus in the 
vector is between 12 and 24 hours. Insects bred on diseased plants 
retained the virus up to 18 days when transferred daily to new 
plants, but there was a definite loss in efficiency when the insects 
did not have access to a virus source. Single aphids proved 
capable of carrying simultaneously the malva yellows and beet 
yellows viruses. 
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Effect of Gibberellin on Germination and 
1 
Early Growth of the Sugar Beet 
F. W. SNYDER® 
Received for publication May 22, 1958 
A recent report shows that pea and bean seeds treated with 
small amounts of gibberellin produce seedlings which emerge 
from soil more rapidly than those of non-treated seeds, particu- 
larly at low temperature (2)*. This paper reports the effect of 
gibberellin on germination, emergence, and early seedling growth 
of sugar beet. 
Methods and Results 

Whole seedballs of the US 400 variety were used throughout 


this study. 

Soaking Treatments: Seedballs were soaked in 250 parts per 
million (p.p.m.) of gibberellin for 114 or 3 hours and dried 
quickly in a current of air from an electric fan. The following 
day they were placed in contact with water or nutrient solution 
of 10.1 atmospheres osmotic pressure (1). The gibberellin treat- 
ment had very little effect on speed of germination or elongation 
of the seedlings as compared with untreated samples. 

Seedballs were soaked for 18 hours in (a) distilled water and 
(b) 125 p.p.m. or 250 p.p.m. solutions of gibberellin. The seed- 
balls were blotted to remove excess solution and then germinated 
at room temperature using nutrient solution of 10.1 atmospheres 
osmotic pressure. After nine days a greater proportion of the 
seedlings from seedballs treated with gibberellin had elongated 
hypocotyls than from seedballs soaked in distilled water. 

Seedballs were soaked for 4 hours in distilled water or solu- 
tions of gibberellin ranging in concentration from 100 to 10,000 
p-p.m. They were blotted and then planted in sand. Some were 
placed at a temperature approximating 65 to 75° F. and some 
at a temperature mainly in the fifties. The gibberellin treat- 
ments did not hasten emergence. However, the higher concen- 
trations (5,000 and 10,000 p.p.m.) did stimulate elongation of the 
hypocotyl and first internode of many of the seedlings as com- 
pared to those from untreated seedballs. 

Dust Treatments: Seedballs were stored in high humidity for 
approximately 22 hours prior to treating them with Gibrel “88” 


dust. Some seedballs were treated at the rate recommended by 


1 Cooperative investigations of the Crops Research Division, Agricultural Research Service, 


U. S. Department of Agriculture, and the Michigan Agricultural Experiment Station. Ap- 
proved for publication as Journal Article No. 2227, Michigan Agricultural Experiment Station. 
2 Plant Physiologist, Crops Research Division, Agricultural Research Service, U. S. De- 
partment of Agriculture, East Lansing, Michigan. 
* Numbers in parentheses refer to literature cited. 
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the formulator and some at twice the recommended rate. Follow- 
ing treatment, they were planted in sand. The dust treatments 
of seedballs neither speeded up emergence nor induced stem 
elongation in the seedlings when compared with the untreated. 
While sugar beet seedballs treated with gibberellin failed to 
germinate more rapidly, the question as to why they were rela- 
tively unaffected remained unexplained. Possibly the structure 
of the seedball impeded entrance of the gibberellin into the seed. 
To rule out the possibility that the substance did not penetrate 
in sufficient quantity, seeds were removed from the seedball and 
soaked for 4 hours in 50 and 250 p.p.m. solutions and others 
were soaked two hours in a 10,000 p.p.m. solution of gibberellin. 
The seeds were blotted and germinated in contact with nutrient 
solution of 10.1 atmospheres osmotic pressure in the laboratory. 
Seedlings from treated seeds were comparable to those of un- 
treated seeds, both in speed of germination and stem elongation. 
* Discussion 
The seeds of sugar beet did not germinate faster or seed- 
lings emerge more rapidly when treated with gibberellin. Miya- 
moto‘, using concentrations of gibberellin up to 1,000 p.p.m., also 
failed to observe any faster emergence of sugar beet seedlings 
from soil maintained at different temperatures. Only the 5,000 
and 10,000 p.p.m. treatments slightly stimulated stem elongation 
as compared with untreated samples. Elongation of the hypocotyl 
in a sugar beet crop would be undesirable under field conditions. 
since such seedlings tend to lodge. In experiments concerned 
with floral induction, relatively high concentrations of gibber- 
ellin are required to produce any stimulatory effect as compared 
with some other crop plants. 


Summary 

Soaking either sugar beet seedballs or seeds in gibberellin 
solutions as concentrated as 10,000 parts per million did not 
hasten germination. The higher concentrations stimulated stem 
elongation. A dust formulation of potassium gibberellate at twice 
the rate recommended by the formulator was ineffective. 
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Effects of Some Variables on First Carbonation 
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AND R. M. McCreapy' 


Received for publication June 16, 1958 


A sugar beet processing laboratory (5) has been built at the 
Western Regional Research Laboratory, Albany, California, as 
a result of an agreement between the Beet Sugar Development 
Foundation, Fort Collins, Colorado, and the U. S. Department 
of Agriculture (2). A key unit of this processing laboratory is 
a continuous, Dorr-type, model carbonator. 

The purpose in building a model carbonator was to further 
the study of the effects of beet composition on processing be- 
havior. In order to do such experiments, the interdependence 
of operating factors and the reproducibility of observation, sep- 
arated from feed variability, must be known. The techniques of 
operation and analysis needed development before elaborate ex- 
periments were begun. For these reasons, a set of experiments 
on storage of a large sample of diffusion juice was planned. 

Diffusion juice was collected from a nearby factory with no 
attempt at immediate cooling. This juice was stored in a 1° C. 
room with toluene and chloroform preservatives. A marked 
deterioration after 2 weeks was observed. A second lot of juice 
was frozen and held at —15° C. The purity of freshly thawed 
samples was constant during as much as 3 months of frozen stor- 
age. Carbonation quality of thawed juice was very similar to 
that of the fresh juice. Unfortunately, it was later found that 
thin juice from the frozen stock had lost most of the protein 
fraction of its colloids, as compared to thin juice from the fresh 
diffusion juice. 

A study of various means of holding unfrozen juice suggested 
the procedure finally used. In this procedure 300 gallons of 
diffusion juice from the Roberts battery at Holly Sugar Co., 
Alvarado, California, was collected and cooled within minutes 
to 5° C. in a heat exchanger. Twelve p.p.m. of Terramycin and 
40 p.p.m. of phenyl mercuric nitrate were added immediately. 
The juice was held in drums in a 1° C. room until used. The 
result was juice which showed no change during the 5-day periods 
required for each series of experiments. A slight change was 
observed between 2 replicates which were begun at 55 days and 
75 days of juice age, respectively. This juice had been extracted 
from beets harvested at the end of the Imperial Valley’s spring 
campaign and was consequently low in purity. 





_ _1 Western Utilization Research and Development Division, Agricultural Research Service, 
U. S. Department of Agriculture. ; : 
2 Numbers in parentheses refer to literature cited. 
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Figure 1.—Schematic of dorr carbonator. 





4 Figure 2.—Photo of carbonator. 


The 3-gallon-per-hour model Dorr-type carbonator used is 
shown schematically in Figure 1 and in a photograph, Figure 2. 
This device is based on a development by R. A. McGinnis of 
Spreckles Sugar Co. (8). The carbonation tanks and juice feed 
are electrically heated. The temperature used throughout this 
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experiment was 80° C. Continuous records of temperatures were 
kept, showing control to be +0.5° C. The milk of lime used 
was prepared from builder's lime, slaked to 10% CaO and passed 
through a wet colloid mill to obtain uniformity. The entire 
lime system up to the point of actual addition to the juice was 
kept under a water-saturated nitrogen atmosphere to prevent 
premature carbonation or dehydration. Pumps were slow mov- 
ing, rubber impeller type with very gentle action. The rate of 
recirculation between tanks was kept at 7 times the feed rate. 
Pure carbon dioxide was admitted into the juice-lime slurry 
through the flared open end of a tube in the liming tank. Gas 
flow was controlled by a motor valve responding to a 3-mode 
pH controller. The controller was modified so that sensitivity 
of +0.01 unit was possible. The calomel-glass high-temperature 
electrodes were checked frequently in thermo-stated, stirred 
buffer. Drift toward falsely high pH readings, as rapid as 0.1 
pH unit per hour, was detected, especially at high pH. To avoid 
this drift, both electrodes had to be dipped in strong acid as 
often as every 15 minutes during critical parts of the experiment. 
Control of temperature to +0.3° C. at the pH cell was required 
for meaningful pH values. Alkalinity titrations were made at 
5-minute intervals, using pH 8 as an end point. 

The experiment was designed to include 4 levels of alkalinity: 
0.07, 0.08, 0.11 and 0.14% CaO; 2 levels of lime addition: 1.5 
and 2.5% CaO based on beet weight; and 2 levels of retention 
time in carbonator: 20 and 40 minutes. A factorial experiment 
involving the 16 conditions, repeated once, was used, with orders 
of performance within each replicate randomized separately. 

Results are compared so as to show all main effects and simple 
interactions with alkalinity. Other effects are considered error. 
Additional estimates of error were obtained where possible by 
considering the variation in retention time to be without effect. 
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Figure 3.—Sedimentation vs. alkalinity. 
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Sedimentation is shown in Figure 3 as a function of alka- 
linity for the average of both levels of each of the other factors. 
Sedimentation rates were calculated from the Dorr-Kynch test 
(9), using 80° C. and an underflow ratio of 5.5 pounds of fluid 
per pound solids. The curve shows the usual relation, but values 
are low, due to the poor beet quality. The coefficient of varia- 
tion for this test is 10 percent for equivalent conditions. 
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Figure 4.—Filtration vs. alkalinity. 


Filtration rate versus alkalinity is shown in Figure 4. Filtra- 
tion rate expresses the conductivity of unit thickness of filter 
cake to flow of unit viscosity filtrate when measured at 70° C. 
with a constant-pressure difference of 15 cm. Hg. Filtration rate 
is defined by (6) 





l pWS 
a 
where— is filtration rate, p is viscosity, w is cake solids per unit 


a 
volume filtrate, P is pressure difference used, g is gravitation con- 
stant, s is slope of curve of time divided by true filtrate volume 
versus true filtrate volume. The apparatus used for filtration 
measurement is similar to that described by Bernhardt (3). The 
cake is sheltered from agitation of the slurry. The true filtrate 
volume is the collected volume at any time plus the volume be- 
tween the septum and the collector. Coefficient of variation of 
filterability was 40% but some later data show improvement 
to 20% when the septum is turned from the vertical to the hori- 
zontal position with the chamber entrance up. The test appears 
satisfactory with this modification. 

Thin juice was prepared batchwise from samples of each 
carbonation slurry. This was done by hot filtration followed by 
heating to boiling temperature in a jacketed kettle; carbon dioxide 
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was bubbled into the juice for 3 minutes followed by further 
boiling for 5 minutes. After second filtration the resulting juice 
was analyzed for purity, color, lime salts, total nitrogen, amino 
nitrogen, ammonia nitrogen, and total anions. 

Thin juice purity versus alkalinity is shown in Figure 5. The 
effect is statistically significant, since the coefficient of variation 
was 0.6%, but the effect may apply only to this one juice. 
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Figure 6.—Color vs. alkalinity. 


Color versus alkalinity is shown in Figure 6. Color is given 
as optical density of a 1 cm. sample at pH 7 for this juice at 
420 mu less optical density at 720 mu, corrected to 10% RDS. 
The surprising result shown may arise from the low pH of the 
carbonation slurries, which at .07 alkalinity was only 9.5. The 
coefficient of variation for color was 8%. 

Lime salts versus alkalinity are shown in Figure 7. Determina- 
tion was by versene titration. The result was not unusual (4). 
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Figure 7.—Lime salts vs. alkalinity. 


The coefficient of variation was 20%, which suggests that some 
important factor, such as time, was not under adequate control in 
second carbonation or in subsequent analysis. 

Total nitrogen by Kjeldahl versus alkalinity is shown in 
Figure 8. This does not reflect the purity maximum found at 
alkalinity 0.11. The coefficient of variation for total nitrogen 
was 1% 
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Figure 8.—Total N vs. alkalinity. 


Amino nitrogen found by Van Slyke manometric analysis 
(7) on the thin juice follows the same trend as total nitrogen 
and constitutes over 40% of the total. Ammonia nitrogen found 
by MgO distillation (1) of the thin juice was independent of 
treatment and represented 8% of the total nitrogen. 

The effects of 1.5% and 2.5% lime rates and 20- and 40-min- 
ute retention times are shown in Figure 9 together with all 
significant interactions with alkalinity. Values are not shown, 
since they are peculiar to the diffusion juice used. The effect 
of increased lime rate on sedimentation and filtration rates is 
deemed favorable, since it more than compensates for the addi- 
tional mud quantity. Increased lime, as expected, was generally 
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Figure 9.—Lime and time effects. 


favorable throughout. The effects of retention time were gen- 
erally nil, except for the adverse color increase with longer re- 
tentions, especially at higher alkalinities. Purity was essentially 
unaffected by either variable. 

In summation, the trends with changes in alkalinity, lime rate, 
and retention time are shown. Results are anomalous for color 
versus alkalinity. The dependability of lime salts from experi- 
ment to experiment is low. Otherwise the technique used is 
satisfactory and reproducible in its final form. It is suitable for 
our study of beet composition effects on processing. 
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Reaction of Galactinol Selected Beet Varieties in 
Breeding for Nematode Resistance 
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One of the best and sometimes the only means of controlling 
destructive plant disease is the development of disease-resistant 
crop varieties. Breeding for resistance to any disease could be 
greatly simplified if the desired level of resistance needed was 
directly associated with an easily determined chemical compound 
found in the host plant. A classical example of such a phenomena 
was found by Link (4, 5, 6)* for resistance to onion smudge. This 
was one of the few cases for which we have a clear-cut picture 
of the nature of resistance ascribed to chemical compounds, such 
as protocatechuic acid and catechol. Wingard (8) also cited 
several examples of resistance due to a biochemical nature. 

In breeding sugar beets for resistance to the sugar beet nema- 
tode (Heterodera schachtiit) Finkner and Swink (2) and Swink 
and Finkner (7) observed a negative relationship between weight 
of beets and percent galactinol. Because of these findings, selec- 
tions were made for beet strains which contained different 
amounts of galactinol. 

The investigation presented here includes the reaction of 
these strains tested in; 1. disease nurseries where nematode had 
been severe in previous years, 2. in soil relatively free of nematode 
and 3. by Dr. Rietberg in his laboratory at Bergen op Zoom, 
The Netherlands. 

Methods and Materials 


The data reported in this study was obtained from testing 
several beet strains which had been selected for varying amounts 
of galactinol. Similar selections were made from Strain 52-413 
for two consecutive years, because of poor seed production the 
first year. Progeny results were obtained from both nematode 
infested land and land relatively free of the sugar beet nematode. 
Strain 52-413 was the result of selecting the best appearing roots 
in a disease nursery where nematode had been severe the pre- 
vious year and it originated from the U.S.D.A. variety 215 x 216. 

In 1954, 351 roots were selected from a strip of 52-413 which 
was planted in a commercial beet field not infested with nema- 
tode near Vineland, Colorado. These roots were individually 
weighed and chemically tested. This population was divided 





1 Manager Research Station, American Crystal Sugar Company, Rocky Ford, Colorado; 
Former Station Superintendent, American Crystal Sugar Company, Rocky Ford, Colorado, 
now Superintendent, Colorado State University Branch Station, Rocky Ford, Colorado, re- 
spectively. 

2 Numbers in parentheses refer to literature cited. 
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into four groups based on galactinol content and three of the 
four groups produced seed in 1955. These three strains were 
planted in replicated tests in 1956 in a disease nursery at Vine- 
land. Also included in these tests were a monogerm strain SLC 
No. 3, and a commercial check variety American No. 1. The 
progeny tests consisted of two 5 x 5 Latin square tests which 
were combined for statistical analysis, making a total of ten 
replications. Plot size was single 28 inch rows 15 feet long, with 
the complete row harvested for yield and every beet being sam- 
pled. The resulting pulp was bulked together for chemical 
analyses. 

A similar test was planted at Rocky Ford, Colorado, on land 
relatively free of the sugar beet nematode. The experimental 
design and varieties were the same, however the plot size was two 
rows (22 inches) 35 feet long, with both rows harvested for 
yield. The beets from each row were kept separate and sampled. 
The resulting pulp of each row was bulked together, making two 
pulp samples from each plot for chemical analyses. 

Because of the limited amount of seed produced in 1955 
another similar root selection was made from strain 52-413 in 
the fall of 1955. These roots were selected from a strip planting 
of 52-413 at Rocky Ford and a total of 372 roots were saved. They 
were divided into two main groups at random. One group of 
196 roots was subdivided into three groups based upon galactinol 
content, the other main group of 176 roots was reduced to 81 
beets which were good in sucrose but their galactinol content 
was not determined. 

A nematode resistant selection also was made from a disease 
nursery at Rocky Ford, Colorado, from the variety American 
No. 2. A total of 69 roots was saved for seed production from 
this strain. The American No. 2 selection, the high galactinol 
selection of the previous year (55-410), the four strains selected 
from 53-412, and American No. 1, which again was used as a 
check, were planted in replicated tests in 1957, on the same land 
at Vineland, Colorado, where the 1956 test had been planted 
and also in a disease nursery at Rocky Ford, Colorado. The 1957 
tests consisted of two 7 x 7 Latin square tests at each location, 
which were combined for statistical analyses, making a total of 
14 replications per test. Plot sizes at Vineland were single 28 
inch rows, 20 feet long with the complete row harvested for yield 
and every beet being sampled. The Rocky Ford nematode nur- 
sery consisted of two (22 inch) row plots 15 feet long with both 
rows harvested for yield and every beet being sampled. The re- 
sulting pulp of each plot of each test was subdivided into two 
samples for chemical analyses. 
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Again a similar test was planted at Rocky Ford, Colorado, on 
nematode free land. The plots were two rows (22 inches), 35 
feet long with both rows harvested for yield. Every root was 
sampled and two pulp samples were obtained (one from each 
row) for chemical analyses. 

Three of the selections tested in 1956 and four of the selections 
tested in 1957 were sent to Dr. Rietberg at Bergen op Zoom, The 
Netherlands for cyst formation and wilting tests. 

The sugar content was determined using the standard lead 
acetate method with readings made as percent on beet by a 
Bausch and Lomb quartz wedge saccharimeter. The evaluation 
of galactinol was carried out by means of paper chromatography 
methods similar to the one described by Brown (1) for raffinose. 
Paper chromatography also was used for the determination of 
some of the amino acids present in the sugar beet by a procedure 
reported by Hanzas (3). “The total amino acid content is the 
sum of the individual amino acids as found by paper chroma- 
tography. All determinations made by paper chromatography 
are reported as percent on dry substance, except the 1955 se- 
lected mother beets. The galactinol content of these beets is re- 
ported as percent on beet. 


Results and Discussion 

The mother beets selected in 1954 were weighed and analyzed 
for sucrose, sodium, raffinose and galactinol. The correlations 
of the 351 individual roots which were selected are shown in 
Table 1. There existed this year a positive correlation, although 
not significant, between weight and sucrose. This would indicate 
that these two characters were acting independently, and one 
should have a fair chance of selecting a heavy root with a high 
percent of sucrose. Galactinol also was negatively correlated with 


Table 1.—Correlation Coefficients Among the Different Attributes Studied in Mother 
Roots Selected at Vineland, Colorado, in 1954 from the Bulk Population, 52-413 in a Field 
Relatively Free from Nematodes. 








Percent Percent Percent Percent 

Sucrose Sodium Raffinose Galactinol 
Weight in pounds 0.0367 —0.1136! —0.0808 —0.31572 
Percent sucrose —0.82012 .1007 — .43552 
Percent sodium — .0264 40032 
Percent raffinose — .0202 





1= 5% level (0.106) 
= 1% level (0.138) with 349 degrees of freedom. 











406 JOURNAL OF THE A. S. S. B. T. 


all other characteristics studied except sodium. It appears that 
low galactinol may be associated with factors for heavy root and 
high sugar yields. 

The 351 selected roots were divided into four groups based 
on galactinol content as shown in Figure 1. The class means and 
standard errors of the means, for the different attributes studied 
are shown in Table 2. 

Division of the population into four groups for galactinol 
content also resulted in two more or less definite groups, which 
were at least one standard error apart (‘‘t” at the 5% level) for 
weight per root, and three each for sugar and sodium content. 
These groups were expected to differ because of the negative 
correlations which were shown in Table | between galactinol 
and weight and galactinol and sugar percent. 
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Figure 1.—Frequency distribution for percent galactinol on dry substance 
of the 351 Roots selected at Vineland, Colorado, in 1954. 


Three of these four groups produced enough seed in 1955 
to run progeny tests in 1956 under both disease and non disease 
conditions. The strain descriptions and results under disease 
conditions are shown in Table 3. 

Significant differences were detected for pounds sugar per 
acre, tons, sugar percent, galactinol, three of the amino acids, 
total amino acid content and the number of roots per plot. In 
only one case, isoleucine, was a significant interaction detected 
for varieties x squares. The tests for the various attributes 
studied, can be considered as being fairly consistent as only one 
character out of 14 studied showed that varieties were not re- 
acting the same in each square. However significant chance vari- 
ations are expected to occur occasionally and this seems the most 
logical explanation for this interaction. 
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Varieties in the replicated tests were severely damaged with 
nematode and this caused extremely high variation from plot to 
plot as shown by the coefficients of variation in Table 3. Com- 
parable variation can be expected, however in most naturally 
infested disease nurseries. 

Beet tonnage, and therefore pounds of sugar per acre, was 
very low for all selections shown in Table 3. The data, however, 
showed a pronounced differential reaction among varieties for 
yield under conditions of high nematode populations. Sucrose 
percentage in this test tended to be positively associated with yield 
of roots. The other chemical constituents were of only minor 
interest except for galactinol, which was the basis used in select- 
ing these strains as shown in Table 2. 

The three strains selected on galactinol content showed no 
significant differences in this test, however all three were signifi- 
cantly lower in galactinol than the other two strains which had 
not previously been selected for nematode resistance. The three 
galactinol selected strains did not differ statistically for percent 
sucrose or tonnage and 55-409 was just on the borderline of being 
significantly higher in pounds sugar per acre than 55-412 if the 
least significant difference value was applied. The greatest differ- 
ence between these three strains was the number of roots to sur- 
vive per plot. Strain 55-409 was superior to the other two in 
this classification. The fact that more roots of strain 55-409 sur- 
vived per plot than the other two was interpreted as indicating 
some resistance. 

Table 4 gives the reactions of these same varieties when grown 
in soils relatively free of nematode. 

The varieties when grown in a nematode free soil, significantly 
differentiated themselves for ten out of the 13 characteristics 
studied. According to the correlations shown in Table 1, the 
low galactinol selection 55-409 should be the highest strain for 
both tonnage and sucrose percent and should be the lowest in 
percent galactinol. As shown in Table 4, all of these characters 
reacted as was predicted from the correlation coefficients, how- 
ever, significant differences were not reached in all cases. 

The low galactinol selection (55-409) produced significantly 
(1 percent level) more sugar per acre than any of the other vari- 
eties, and 55-410 also produced significantly more than the check 
(American No. 1) while the high galactinol strain was significantly 
(1 percent level) lower than the American No. | check variety 
in sugar per acre. As these varieties were selected only on basis 
of galactinol content, differences for this character would be ex- 
pected although it was not observed in these strains under disease 
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conditions. As shown in Table 4 no differences in galactinol 
content were detected between the low galactinol selection 55-409 
and the intermediate high galactinol selection 55-410, however, 
the high galactinol selection was significantly higher than the 
other two if the L.S.D. values were used as a measuring tool. 

Although significant differences existed for stand, it appeared 
that the roots were evenly enough spaced that the yield potential 
of each strain should have been reached. However the fact that 
the high galactinol selection 55-412 had the fewest roots per plot 
may have been a factor in lowering its tonnage and sucrose 
percent. 

The amino acids studied in these tests showed some associa- 
tion with yield and sucrose percent. For example aspartic, 
G.A.B.A, isoleucine and total amino acid content all showed a 
positive association with yield while glutamic acid seemed to be 
negatively associated with yield. Tonnage and sucrose also seemed 
to be positively associated in this test. 

All varieties reacted the same within each Latin square except 
for the character G.A.B.A., which showed a significant interaction. 
This interaction again was believed to be due to random variation. 

The data in Table 3 and 4 showed that selecting for low 
galactinol content improved the yielding ability of the beet 
strains in both infested and non-infested soils, even if the galac- 
tinol contents of the strains showed only small differences in 
their progeny tests. 

The main evidence to support the theory that low galactinol 
content beets are more resistant to the sugar beet nematode than 
high galactinol content beets was supplied by Dr. Rietberg’s test. 
Table 5 gives the results of his test for cyst formation on the 
roots and the degree of wilting caused by a suspension of larvae 
of Heterodera schachtii in water. 

It can be seen in Table 5, with only one mass selection, the 
rating of the number of cysts to form on the sugar beet roots of 
the low galactinol selection 55-409 were drastically reduced. The 
high galactinol selection (55-412) ranked slightly higher than 
the intermediate high galactinol selection and the control. The 
degree of wilting of these three strains also followed the same 
trend, i.e., the low galactinol selection had the lowest amount 
of wilting and good recovery, while the high galactinol selection 
had the most wilting and the intermediate selection was inter- 
mediate in wilting. 

Although no significant differences were detected in the field 
tests, it was obvious that selecting only on the basis of galactinol 
percent did change the resistance of these strains to nematode 
when checked by laboratory techniques. 
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Table 5.—Reaction of Galactinol Selected Strains for Cyst Formation on Roots and 
Degree of Wilting in 1956. 





Type of Tests 





Cyst Formation Degree of 
Variety Description on Roots! Wilting? 





55-409 Low galactinol selection 6.5 1.78 


55-410 Intermediate high galactinol selection 9.0 1.84 
9.1 2.67 


9.0 2.88 


55-412 High galactinol selection 


Control 





1 = 1—Free of cysts 
10—Practically dead 


2 = 0—No wilting at all 
1—Slight wilting (50% or less and good recovery ) 
2—Medium wilting (50-75%, moderate recovery ) 
3—Strong wilting (75-100%, slow recovery) 
4—Excessive wilting (100%, no recovery ) 


A total of 372 roots were selected, weighed and analyzed for 
sucrose in 1955 from the same parental variety, 52-413. A random 
sample of 196 roots also were analyzed for percent galactinol 
in the beet and not on dry substance of the beet juice as was 
done the previous year. 

These selected roots were grown at Rocky Ford and the corre- 
lation coefficients as shown in Table 6 do not agree with the 
ones calculated the previous year from the roots selected at Vine- 
land from the same variety, 52-413. 


Table 6.—Correlation Coefficients Among the Different Attributes Studied in Mother 
Roots Selected at Rocky Ford in 1955 from the Variety 52-413 in a Field Relatively Free 
from Nematodes. 





Percent Sucrose’ Percent Galactinol? 








Weight in pounds —.343** —.040 


Percent sucrose 014 





= 5% level (.103) 1 Based upon 372 roots 
= 1% level (0.134) with 370 degrees of freedom * Based upon 196 roots 


In Table | the correlation coefficients of roots selected from 
this same variety at Vineland showed a positive correlation be- 
tween weight and sucrose, however it was not significant, but in 
Table 6 the correlation coefficient between these same two char- 
acters was negative and highly significant. Galactinol and weight 
were negatively correlated for both selection groups, but the 
Vineland selection in Table 1 showed a significantly negative 
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association between sucrose and galactinol while Table 6 shows 
a non significant positive relationship, between sucrose and 
galactinol. The differences between these two sets of correlation 
coefficients must be due to the different environments, including 
years and locations, from which the roots were selected as the 
seed of each selection group came from the same variety. 
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Figure 2.—Frequency distribution for percent galactinol on beet of the 
196 roots selected at Rocky Ford, Colorado, in 1955. 



































Table 7.—Group Means for Four Classes of Beets Selected at Rocky Ford, Colorado, in 
1955 in a Non Nematode Infested Field. 





Amount 
Weight of of Sugar Percent No. of 
Variety' Selected for Beets Sucrose in Beets Galactinol Roots 





56-407 Low galactinol 3.7 + .23 13.9 + .18 0.51 .0200 + .0000 76 


56-408 Intermediate galactinol 3.6 > 14.3 20 0.51 .0378 + .0004 73 
56-409 High galactinol 3.6 ‘ 13.8 28 0.50 .0626 .0017 47 


56-410 High sugar selection 3.2 : 15.2 10 0.49 


Means $5 +. 14.1 + .09 0.49 





1 These variety numbers were assigned to the four groups in 1956. 


The 372 selected roots in 1955 were divided into four groups, 
three groups based on galactinol content as shown in Figure 2, 
and the fourth had some selection pressure applied for increased 
sucrose percent. The class means and standard errors of the 
means for the different attributes studied are shown in Table 7. 

Division cf the population into 3 groups for galactinol con- 
tent did not affect either weight or sucrose percent significantly. 
The correlation values in Table 6 were not significant for either 
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galactinol and weight or galactinol and sucrose percent, there- 
fore these groups were not expected to differ greatly for either 
weight or sugar. However the mean galactinol content of each 
group was at least one standard error apart. 

The fourth group did show a higher sucrose mean than the 
rest and also was slightly lower in mean weight of beet. Again 
this would be expected in selecting for higher sucrose content 
because of the negative correlation coefficient found between 
weight and sugar as seen in Table 6. 

Several roots of American No. 2 were selected from a nema- 
tode infested area in 1953. Progenies of these roots were tested 
in a disease nursery in 1955 and 69 roots again were saved for 
seed production. The ccrrelation coefficients for this strain are 
shown in Table 8. 

Table 8.—Correlation Coefficients Among the Different Attributes Studied in Mother 


Roots Selected at Rocky Ford in 1955 from the Variety American No. 2 in a Nursery Heavily 
Infested with Heterodera schachtii. 





Percent Sucrose Percent Galactinol 


—.194 


2741 


Weight in pounds —.038 


Percent sucrose 





1 = 5% level (.237) with 67 degrees of freedom. 


Weight and sugar, and weight and galactinol again were 
negatively correlated but non significantly, however in this popu- 
lation the correlation coefficient between sucrose and galactinol 
was positive and significant. The correlation coefficient of the 
reots of American No. 2, even though they were selected in a 
disease nursery, followed the same trend as those selected from 
52-413 the same year as seen in Table 6. 

The means and standard errors of the means for the different 
attributes studied in the American No. 2 selection are shown 
in Table 9, so that they can be compared with the selections in 
Table 2. 


Table 9.—The Means and Standard Errors for the Different Attributes Studied in The 
American No. 2 Nematode Resistant Selection. 





Weight of Percent Amount of Percent No. of 
Variety Beets Sucrose Sugar in Beets Galactinol Roots 


56-412 2.1 + .10 ‘ f .0271 + .0009 69 





The greatest difference between the American No. 2 selec- 
tion (56-412) and those shown in Table 7 was in weight. How- 
ever it should be remembered that the roots of 56-412 were 
selected in a disease nursery while those shown in Table 7 were 
selected from soil relatively free from nematode. 
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The four selections shown in Table 7, the American No. 2 
selection in Table 9, strain 55-410 in Table 2 and American 
No. 1, used as a check, were planted in replicated tests in 1957 
in both infested and non infested soils. The results of the two 
tests in nurseries heavily infested with Heterodera schachtii are 
shown in Table 10 and 11. 


In the disease nursery at Vineland, significant differences 
among the varieties were detected for pounds sugar per acre, tons, 
galactinol, calcium, alanine, glutamic acid, glutamine, total amino 
acids and number of beets per plots as shown in Table 10. There 
also was a significant variety x square interaction for sodium, 
however the F value was just large enough to be significant at 
the five percent level. For all the other characters studied the 
varieties reacted the same in each Latin square test. 


The root production in this test was considerably higher in 
1957 than in 1956 (Table 3), however the average galactinol 
content was lower. The varieties did not follow any definite 
pattern for galactinol content. The 1956 selections were not 
significantly different from each other or from the 1955 selection. 
The main difference in galactinol content was between the 
American No. 2 selection (56-412) and the commercial check, 


American No. |. This difference was significant. Strain 55-412 
was the lowest in tonnage and pounds sugar per acre and also 
the lowest in galactinol, which was not expected because all 
correlation coefficients showed these two characters were nega- 
tively associated. The best explanation seemed to be found 
in studying the number of beets per plot. The stand of this 
variety was very poor and averaged only eight beets per plot, 
however it is not known whether this poor stand was caused by 
nematode or due to poor germination of this strain. In several 
other tests this strain, 56-412, yielded remarkably well and main- 
tained a very good sucrose percent. 


The data presented in Table 10, in general does not support 
the hypothesis of low galactinol varieties being resistant to nema- 
tode, however neither does it add a great deal of evidence against 
this hypothesis. It mainly indicates that the selection pressure 
applied for different galactinol types was ineffective in field tests. 
therefore all of the strains selected from 52-413 should be fairlv 
consistent for most of the characters studied. This was generallv 
true except for number of beets and tonnage. The tonnage cer- 
tainly was affected by the number of beets per plot and the num- 
ber of beets was probably low because of poer germination 
conditions. 
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Field observations and notes were taken during the summer 
months and it was noted that the low galactinol selection 56-407 
did not wilt as much as some of the other strains at high tem- 
peratures. As shown in Figure 3 selection 56-407 had a darker 
green color and was more vigorous than the other varieties. 


Figure 3.—Top growth appearance of varieties grown in a nematode 
nursery at Vineland, Colorado, in 1957. 

Plot 30 was strain 56-407 selected for low galactinol. Plot 31 was 56-408 
and Plot 32 was the check variety American No. 1. Plot 33 was the high 
galactinol selection 56-409. 


Table 11 shows the reactions of these same varieties in a 
disease nursery at Rocky Ford. Although no counts were made, 
it appeared that the nematode population was not as great in 
this nursery as it was at Vineland. The difference in yield of 
these two tests also would substantiate this observation. In this 
nursery selection 56-412 was the highest producer of tonnage 
and sucrose percent and also the lowest in galactinol content 
and had the best purity. It also had the fewest roots per plot 
and was the lowest variety in both sodium and calcium contents. 

The varieties did react differently in the two disease nur- 
series. For example the two bottom yielding strains at Vineland 
were the two top yielding strains in the Rocky Ford disease 
nursery. However, again in the Rocky Ford test the strains 
selected from 52-413 were not significantly different from each 
other except for the case of purity. If the L.S.D. values were used 
as a measuring tool there were no differences existing between 
these strains except for this one character. Again this is added 
evidence that the selection pressure applied on the basis of 
galactinol was ineffective in field tests. 
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The reaction of these varieties under non disease conditions 
is shown in Table 12. Significant differences between strains 
were detected for many of the characters studied. There also 
were two significant variety x square interactions, however no 
satisfactory explanations were determined. The data in this test 
again show that the selection pressure applied on the basis of 
galactinol was ineffective. 

The data from the three replicated tests conducted during 
the 1957 growing season showed that the selection pressure 
applied to mother roots for various galactinol contents was in- 
effective in changing galactinol percent. This ineffectiveness 
probably was due to calculating the galactinol content as percent 
on beet, rather than percent on dry substance. The procedure 
used to calculate the percent of galactinol on beets assumed a 
constant marc for all beets, this undoubtedly was erroneous as- 
sumption as the percent marc does vary from beet to beet. 


The amino acid content of the different varieties did not ap- 
pear to be closely associated with any of the other characteristics 
studied. However when the varieties were grown in a nematode 
nursery they were considerably higher in amino acid content 
than when grown on soil which was relatively free of the sugar 
beet nematode. 


Table 13.—Reaction of Galactinol Selected Strains for Cyst Formation in 1957. 





Number of Plants Left Per Class 
After Second Test' 
Cyst Formation Number of : : ee 
Variety Description Plants Tested 0 





56-407 Low galactinol 585 
56-408 Intermediate galactinol 325 
56-409 High galactinol 199 
56-410 High sugar 780 


Standard Rietberg’s variety 660 





1 Cyst formation classes 

0 = No cysts 
1 or 2 cysts per plant 
3 or 4 cysts per plant 
5 or 6 cysts per plant 
7 or 8 cysts per plant 
9 or 10 cysts per plant 


Wouue ul 


All plants with more than 10 cysts per plant are discarded. 
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Dr. Rietberg’s laboratory also tested the strains which were 
selected in 1955 from 52-413 for cyst formation and degree of 
wilting. The results of his tests are shown in Tables 13, 14, and 15. 

Because the number of plants tested were unequal for each 
of the varieties it was necessary to adjust them to a base number 
and work on a proportional basis. Classes 0, 1, and 2 were con- 
sidered as resistant classes and the number of plants of each 
variety found to be reistant were added and compared with 
what would be expected on a proportional basis. Strain 56-410 
was used as the base variety with 780 plants tested and 17 class- 
ified as resistant. This strain was chosen because it was not 
selected on the basis of galactinol content and could be con- 
sidered as a check variety for the strains selected from 52-413. 
The observed and calculated numbers are shown in Table 14, 
using the following formula: 

.02175 x the number of plants tested for the other selection. 

The factor .02175 was obtained by dividing 17 by 780. 


Table 14.—The Observed and Expected Number of Resistant Plants Using 56-410 as the 
Base Number. 





Observed No. Expected No. 
Number of of Resistant of Resistant 
Variety Description Plants Tested Plants Plants 


56-407 Low galactinol 585 11 


56-408 Intermediate galactinol 
56-409 High galactinol 
56-410 High sugar 


Standard Rietberg’s variety 





The results in Table 14 again indicated very little difference 
existed between the different strains which were selected from 
52-413. All show considerably more resistance than Dr. Riet- 
berg’s standard variety when adjusted to a common basis. Dr. 
Rietberg also stated that no differences in galactinol were de- 
tected among the above four strains. The data also adds evidence 
that the selection pressures applied for galactinol content were 
ineffective for this group of varieties. 

The results of the wilting tests which Dr. Rietberg’s labora- 
tory conducted are shown in Table 15. 

The data in Table 15 seems to support the original hypothesis 
that selecting for low galactinol content would give us more 
resistance to nematode. In this case the low and intermediate 
selections had much less wilting and much faster recovery than 
the high galactinol selection. Strain 56-410 which had no selection 
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Table 15.—Wilting Reactions of the Four Galactinol Strains Caused by a Suspension of 
Nematode Larvae in Water. 





Wilting in Percent 
Variety of Standard Recovery 


56-407 112 Rapid 
56-408 Rapid 
56-409 Very slow 


56-410 Slow 





pressure applied for galactinol content reacted somewhat like 
strain 56-409, although it could also be considered as being 
intermediate. 

From the results presented in this paper it still is question- 
able whether or not selecting beets for low galactinol content 
will give a certain amount of resistance against the sugar beet 
nematode. However it does appear that the low selections do 
not wilt as rapidly as the high galactinol selections and these 
results were consistent for both years. It also appears that se- 
lections should be made on the basis of percent dry substance 
rather than percent of beets. 

The progeny results obtained in 1956 were extremely en- 
couraging while the results obtained the following year were 
not. Therefore considerably more experimental work is needed 
to verify or reject the proposed hypothesis that low galactinol 
beets are more resistant to nematode than high galactinol beets. 


Summary 

Five varieties, each replicated ten times, were tested in 1956 
in a nursery heavily infested with the sugar beet nematode and 
in soil relatively free of the sugar beet nematode. Three of the 
varieties were selected for various grades of galactinol content 
based upon dry substance of the juice (low, intermediate high, 
and high). The low galactinol selection yielded higher in both 
sucrose percent and weight, in both tests, and had fewer cysts 
on the roots and showed less wilting than the intermediate or the 
high selections. 

Seven varieties, each replicated 14 times, were tested in 1957 
in disease and disease free fields. Five of the strains were selected 
for various amounts of galactinol based on percent of beet. No 
consistent results were obtained from these 1957 tests. It was 
concluded that selection based as percent on beet was ineffective. 

In laboratory tests conducted by Dr. Rietberg the degree of 
wilting, caused by a suspension of nematode larvae in water, was 
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considerably less for the low galactinol selections than for the 
high galactinol selection for both years. 
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Introduction 

Sugar beets respond markedly to fertilizers under Michigan 
conditions. The degree of response depends on several factors: 
soil type, moisture, drainage, previous crop, rotation, the amount 
of fertilizer applied previously, and the amount and kind applied 
to the crop. Soil tests are used to determine the residual fer- 
tilizer in a particular soil and as a partial basis for recommending 
the amount and kind of fertilizer to be applied to a particular 
field. 

In recent years considerable attention has been given to 
determining the optimum amount of fertilizer that can be used 
at different price levels for the fertilizer nutrients and for the 
price received for the crop. This type of computation generally 
involved functional analysis of data. Production functions are 
fitted to the data in order to estimate the yield response over the 
whole range of fertilizer applications and the optimal amounts 
of fertilizer under various price relationships can then be de- 
termined. 

In general, the design of field experiments satisfactory for 
agronomists is not entirely adequate for an economic evaluation 
of the data based on functional analysis. More points on a sur- 
face are needed in the latter type of analysis than in that used 
in calculating the- significance of data obtained in the older type 
of experiments. 

The purpose of this experiment was to study the effects of 
rates of application of phosphorus and potassium on the yield, 
sugar content, purity, tissue tests, and soil tests, and at the same 
time to provide sufficient additional treatment points so that a 
reliable estimate of the production surface could be made. 


Method of Procedure 
An experiment was initiated in 1957 on a tile-drained, Park- 
hill clay loam soil located in Sanilac County. The field was 
severely infested with quack grass necessitating the use of TCA 
for control. Insecticides were applied to the soil for control of 
white grubs. 


' Contribution of the Soil Science Department, the Acricultural Economics Department of 
the Michigan Agricultural Experiment Station, Michigan State University, The Agricultural 
Research Service, U.S.D.A. and the Michigan Sugar Company, Saginaw, Michigan, Authorized 
for publication by the director as Journal Article No. 2212 of the Michigan Agricultural Ex- 
periment Station, East Lansing, Michigan. 

2 Professor of Soil Science, Michigan State University, Agricultural Economist, Agricultural 
Research Service, U.S.D.A. and Agricultural Research Director, Michigan Suear Company, 
respectively. 
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The experiment consisted of a three-by-four PK factorial, 
replicated three times with plots one-tenth acre in size. The rates 
of P.O; were 60, 150, 300, and 800 pounds per acre; and the 
rates for K.O were 30, 150, and 400 pounds per acre. Three ad- 
ditional levels of P.O;, 100, 225, and 500 pounds; and two K,O 
levels of 75 and 250 pounds were included so that an economic 
evaluation of the data could be made. These plots receiving 
the additional levels were replicated twice. Eight plots were not 
fertilized. ‘These plots were randomly distributed within each 
half of the experimental area that contained the factorial. 

All plots, with the exception of the checks, received 50 pounds 
per acre of 6-24-12 fertilizer applied one inch below the seed at 
planting time. Fifty pounds of nitrogen per acre in the form of 
anhydrous ammonia were applied June 12 as a sidedressing on 
all plots including the checks. The fertilizer, with the exception 
of that applied at planting time, was broadcast and plowed under 
at the time of the first planting on April 23. The nitrogen was 
applied as a sidedressing of anhydrous ammonia. 

Minimum tillage method was used. Tillage prior to planting 
consisted of plowing, with a leveling device known as an E-Z 
Tiller attached to the plow. The beets were planted immediately 
with a four-row experimental beet drill. 

Replanting was necessary because of a four-inch rain. The 
second planting of beets (5481 variety) was made on May 7, the 
same day the field was plowed. 

The petioles of the leaves were sampled at three different 
dates: July 14, August 4, and August 28. The samples were 
analyzed for phosphorus and potassium and the results are ex- 
pressed in parts per million of the fresh tissue. 

Soil samples were obtained from each plot in August and 
tested by three different methods of extraction for phosphorus 
and one method for potassium. The phosphorus extractants used 
were .135 N HCI; .1 N HCl + .03 N NH,F; and .025 N HCl 
+ .03 N NH,F. The potassium was extracted by .135 N HCl. 
Soil to solution ratios of 1:4 and 1:8 were used with the HCl 
and HCI plus fluoride extractants, respectively. 

Sugar samples were taken from each plot at approximately 
weekly intervals beginning September 4 and continuing to 
October 21. 

The beets were harvested at two different dates, October 17 
and October 21. Two 1/200 acre areas were harvested from each 
plot at each of the two dates. The purity of the samples was 
obtained for each of the two dates of harvest. 

The data from the factorial portion of the experiment were 
analyzed by analysis of variance. 
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Yield observations collected from all plots were used in an 
economic analysis of the results. This analysis was essentially of 
two parts. First, a statistical estimate was made of the yield re- 
sponse surface. Because of the difference in response between the 
two harvest dates it was necessary to estimate two response relation- 
ships. Polynomial equations were fitted to the data with first and 
second degree terms for P and K and a first degree cross product 
term. Second, the combinations of plant nutrients which pro- 
duced maximum yields and those combinations of plant nutrients 
which produced maximum net returns were estimated for selected 
fertilizer and sugar beet prices.* 

Experimental Results 

The effect of treatment on the yield, percent sucrose, and 
percent purity is reported in Tables I, 2, and 3. Table | shows 
the effect of time of harvest on the yield of beets. Beets harvested 
on October 17 yielded considerably less than did those harvested 
October 21. This difference could be explained in part as fol- 

Table 1.—The Effect of PK Levels on Yield, Percent Sucrose and Percent Purity of Sugar 
Beets on Parkhill Loam, 1957. 





Percent 
Pounds Per Acre Tons Per Acre' Percent Sucrose Purity 
P.O; K2O0 (1, 2, 3, 4) (1, 2 (3, 4) (1, 2,3, 4) (1, 2, 3, 4) 
PiKa 60 30 15.0 12.9 17.1 16.7 83.7 
PiKs 60 150 17.9 14.0 21.9 16.8 83.4 
PiKs 60 400 19.6 17.9 21.3 17.1 84.1 
PeKe 100 75 15.2 12.5 18.0 16.5 84.0 
P2Ks 100 250 20.9 17.9 24.0 17.1 83.1 
PsKi 150 30 16.9 14.0 19.8 16.7 84.1 
PsKs 150 150 19.2 17.0 21.5 17.3 83.7 
PsKs 150 400 22.3 20.9 24.0 17.6 83.8 
PiKe 225 75 18.0 15.8 20.4 17.0 85.2 
PsKa 225 250 20.1 18.1 22.1 17.2 83.7 
PsKi 300 30 16.5 14.3 18.8 16.8 83.9 
PsKs 300 150 17.6 15.9 19.4 17.1 83.0 
PsKs 300 400 20.2 17.9 22.5 17.4 82.9 
PeKe 500 75 17.5 16.3 18.7 16.8 82.0 
PeKa 500 250 23.0 20.6 25.3 17.5 82.7 
P7Ki 800 30 17.0 14.1 19.8 16.6 82.8 
P:Ks 800 150 19.1 16.6 21.6 17.4 82.4 
P:Ks 800 400 20.7 19.8 21.8 17.0 83.2 
0 0 11.4 9.9 13.0 16.7 82.9 
Average 18.3 16.1 20.6 





' Refers to averages of sample areas. | and 2 harvested October 17, and 3 and 4 on 
October 21. 


3 Baum, E. L., E. O. Heady and J. Blackmore, 1956. Methodological Procedures In The 
Economic Analysis of Fertilizer Use Data. lowa State College Press, Ames, Iowa. 
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Table 2.—The Effect of PK Levels on the Yield, Sucrose Content, and Percent Apparent 
Purity of Sugar Beets. 





Pounds per Acre 


aes! : Percent Percent Pounds Sugar 
P.O; KO Tons Per Acre! Sucrose Purity Per Acre 
Pi 60 17.5 16.9 83.7 4951 
Pe 100 18.0 16.8 83.6 5056 
Ps 150 19.5 17.2 83.9 5628 
Ps 225 19.1 17.1 84.5 5520 
P: 300 18.1 17.1 83.3 5156 
Po 500 20.2 17.2 82.4 5726 
P: 800 18.9 17.0 82.8 5321 
Ki 30 16.3 16.7 83.6 4551 
Ke 75 16.2 16.8 83.7 4556 
Ks 150 18.4 17.2 83.1 5260 
Ka 250 21.3 17.3 83.2 6132 
Ks 100 20.7 17.3 83.5 5980 
0 0 > 234 16.7 82.9 3157 
LSD (5% level) P 1.5 0.39 
K 1.3 0.33 





Table 3.—Mean Squares for Analysis of Variance Data of Yields, Sucrose Content, and 
Percent Apparent Purity of Sugar Beets, 1957. 





Number of Areas' 


Tons per Acre Percent Percent 
Source of Variance D.F. (1, 2, 3, 4) 7 rs 2) : ; (3, 4) Sucrose Purity 
Replication 2 24.64+ 67.184 34.374 2.054 4.41 
Treatment 11 12.754 19.204 10.52 32 .90 
P 3 6.82 9.728 5.45 19 2.09 
P: vs. Ps+Ps+P; 1 11.698 21.608 5.88 38 1.02 
Ps vs.Ps+ Pz 1 5.74 4.51 7.26 17 4.17 
Ps vs. Pz 1 3.04 3.04 3.21 01 1.08 
kK 2 57.234 85.714 38.554 1.043 77 
Ki vs. Ks+Ks 1 83.64 + 108.044 67.094 1.98 Bs 
Ks vs. Ks l 30.834 63.384 10.01 09 81 
PK 6 89 1.78 3.71 15 36 
Error 22 2.28 2.57 5.23 18 1.62 
Total 35 
Error of general mean 12.3 158 25.1 1.1 1.9 





11, 2, 3, 4—average of 4, 1/200 acre plots; 1, 2—average of 2, 1/200 acre plots harvested 
October 17; 3, 4—average of 2, 1/200 acre plots harvested October 21. 

r (1, 2 vs. 3,4) = 0.9024 

8 Significant at 5% level 





* Significant at 1% level 
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lows: after an extended dry period more than two inches of 
rain fell between the two harvest dates. The difference in yield 
would in part reflect the growth and also the absorption of water 
by the beet root. Another possibility is the difference in location 
of the various harvest areas on the plots and the possibility of 
more dirt clinging to the roots on the later harvest date. Because 
of the non-significant value for the PK interaction, the various 
potassium and phosphorus levels data were averaged. As indi- 
cated in the method of procedure, a factorial of three potassium 
levels and four phosphorus levels was included in the experi- 
mental design. The analysis of variance of this factorial is sum-- 
marized in Table 3. The analysis of the data indicates that a 
comparable type of response resulted from data calculated from 
four harvest areas and that obtained from two areas, harvested 
October 17. The analysis of the October 21 data shows less re- 
sponse to phosvhate levels than when the other two sets of data 
were used. The difference due to treatment was apparently 
minimized at the latter date of harvest. 

Limiting the analysis of the data to that obtained from the 
3 x 4 factorial, the following interpretation is suggested. Yields, 
where the fifth level of K.O was used. were significantly hicher 
than where the third level was applied. Consequently, it can be 
assumed that if higher amounts of potash had been applied a 
further increase in yield might have resulted. The test for the 
unfertilized soil indicated a medium to hich level for phosphor- 
ous and a low level for potassium, an indication that potassium 
is a first limiting factor. The yields bear out this indication. 

A significant increase in percent sucrose was obtained from 
the use of potash. A significant difference at the 1°. level was 
indicated when the sucrose content of the beets produced at the 
first level of potassium was compared to those obtained from the 
third and fifth levels. 

Treatment had no apparent effect on the purity of the beets. 

A relatively high degree of correlation was obtained between 
the yields taken at the two dates of harvest. An r value of 0.9024 
and a regression equation of ¥ 3,4 = 5.22 + 0.9418 x1.2 was 
calculated. 

As the season procressed the percent of sucrose increased. This 
increase was approximately 5°7%, sucrose between the first and 
last dates of sampling, September 4 and October 21, respectively. 

The effect of treatment on the potassium and phosphorus con- 
tents of sugar beet petioles is shown in Table 4. These data show 
a wide variation in contents of both the phosphorus and _potas- 
sium in sucar beet petioles with date of sampling. The results 
from the tissue analysis show that phosphorus within the ranges 
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Table 4.—The Effect of Rates of Application of Phosphorus and Potassium on the 
Phosphorus and Potassium Contents of Sugar Beet Petioles, 1957. 





Parts per Million (Fresh Tissue) 
Pounds per Acre — 


Shen July 14 August 4 August 28 

P2Os KO P kK P kK P kK 
60 30 152 4584 83 2988 40 2484 
60 150 107 4668 73 3366 92 3912 
60 400 116 4668 91 3956 45 3660 
100 75 110 4668 69 2820 87 2820 
100 250 90 4920 79 3240 71 3072 
150 30 152 4206 76 3156 77 2484 
150 150 104 4332 82 3324 71 3828 
150 400 127 4332 74 3618 70 4500 
225 75 162 4558 102 2904 75 2988 
225 250 142 4248 62 2652 76 2820 
300 30 134 4122 73 2652 73 2652 
300 150 95 . 4332 84 $240 80 3324 
300 100 125 4500 86 3198 83 3240 
500 75 162 4042 101 2820 85 2484 
500 150 125 4206 74 3072 87 $828 
800 30 140 $828 103 3072 90 3240 
800 150 162 4374 11! 3240 85 4080 
800 400 142 4416 66 3240 93 3744 
0 0 82 4206 101 3450 48 2652 





of applied phosphate in this experiment did nct appreciably 
affect the phosphorus content of the tissue. The potassium con- 
tent of the tissue tended to increase where the applied potash 
to the soil increased. The greatest increase occurred where the 
tissue content from the low level of application plots is compared 
with those obtained where the higher rates of potash were ap- 
plied. In some cases the potassium content of the petioles was 
higher from samples obtained from unfertilized plots than those 
from plots that had received an application of potash. This sit- 
uation might be accounted for in part by the dilution factor in 
that the top growth on the plots that had received the potash 
application was much greater than that on unfertilized areas. 
Under the conditions of this experiment, tissue tests would be of 
limited value in predicting yields or suggesting possible nutrient 
deficiencies of potassium and phosphorus. 


Soil samples were obtained in August and were extracted by 
three different methods. The relationship between the amount 
of potassium applied and phosphorus applied to the amount ex- 
tracted in the soil test by the different methods is indicated in 
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Figure 1—The effect of extractant on the extractable phosphorus in 
soils receiving different amounts of phosphate. 


Figures | and 2.- From these data the two phosphorus extracting 
methods employing the ammonium fluoride reagent provide a 
closer correlation between applied P and extractable P than does 
the value obtained from extracting the soil with a .135 normal 
hydrochloric acid. The relationship between the applied potas- 
sium and that found in the extract, using .135 normal hydro- 
chloric acid, was satisfactory. 


The estimated yield response from P.O; and K.O using con- 
tinuous function analysis is shown in Equation | for the crop 
harvested October 17. 


Equation I: y,. = 10.258 + .014355957 P. — .00003207 P* + 

(.005882245) (.000006887) 
.031194077 K — .000034072 K* — .000002663 PK 
(.010842768) (.000025213) (.000009 152) 


Numbers listed below the estimated coefficients in the equation 
are standard errors of these coefficients. The adjusted coefficient 


of multiple correlation, R, was 0.75 and the coefficient of multiple 
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Figure 2.—The effect of extractant on the extractable phosphorus and 
potassium in soils receiving different amounts of phosphate and potash. 


determination, R?, was 0.56, indicating that well over half of the 
variance in yield was associated with variables specified in the 
equation. Coefficients in the equation appear small, however, 
these coefficients indicate the yield response in tons to plant 
nutrient applications in pounds and are expected to be very small. 

Check plot yields for this sample averaged about 10.5 tons 
per acre while the estimated maximum yield was about 20.5 tons. 
This maximum yield was estimated to occur with about 400 
pounds of applied K,O and 500 pounds of POs. The big yield 
response, however, was due to K,O and despite the slight re- 
sponse to high levels of P.O;, the response from applications 
above 150-250 pounds of P.O; was so small that only these lower 
treatment levels were profitable. 

With nitrogen applications held constant at 50 pounds per 
acre and with nitrogen priced at $0.11, P.O; at $0.10, and KO 
at $0.05 per pound and sugar beets at $15.00 per ton, the most 
profitable application rates of P,O; and K,O were estimated to 
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be 250 and 395 pounds respectively. This treatment would 
have produced an estimated yield of 19.8 tons of sugar beets 
and an estimated return above fertilizer costs of $247.00. In 
calculating this net return only the cost of fertilizer was con- 
sidered. Additional labor and hauling costs are, of course, asso- 
ciated with higher yields but vary considerably among individual 
producers. Estimates of labor, hauling and other costs can be 
subtracted from the revenue derived from use of additional 
fertilizer to determine what levels of application would have 
been most profitable for individual producers. With the price 
of sugar beets at $12.00 per ton and with the same price for plant 
nutrients as indicated above, the most profitable application of 
P.O; was estimated to be 190 pounds and that of K.O, 390 
pounds. This rate of application would have produced an esti- 
mated 19.3 tons of beets and $188.00 above fertilizer costs. 

A reduction in the price of K.O would have affected the 
optimum treatment rate very little, however, slightly larger 
applications of P.O; would have been profitable if the price of 
P.O; had been reduced. Estimated costs and returns for selected 
fertilizer treatments are shown in Table 5. 

The production response estimated for the sugar beet crop 
harvested October 21 is shown in equation IT: 


Equation Il: vs, — 14.165 + .01163000 P — .00000906 P? + 
(.06472159) (.00075772) 

.05009595 K — .00007817 K? — .00001068 PK 

(.11930159) (.00277416) (.00100703) 


The adjusted coefficient of multiple correlation, R, for this 
equation was 0.72 and the coefficient of multiple determination. 
R?, was 0.51. The estimated maximum yield for this sample was 
about 24.1 tons per acre. This maximum yield was estimated to 
occur with P.O; applications of about 470 pounds and K.O ap- 
plications of about 300 pounds. As in the case of the previous 
sample, however, the big yield increase came from K.O and the 
yield response due to P.O; was small for P.O, applications in 
excess of 100 pounds per acre. 

Using the response equation for the second sample, Equation 
II, the response surface was estimated and is illustrated in Ficure 
3. By viewing the visible edges of this surface it can be seen that 
K.O applications produced larger vield increases than did those 
of P.O;. Furthermore. it should be noted that the scale of K.O 
applications is double that of P.O; applications. Thus the response 
due to K.O is even greater relative to P.O; than the slope of the 
surface indicates. 

With N, P.O; and K.O priced as previously at $0.11, $0.10 
and $0.05, respectively, and with sugar beets at $15.00 per ton, 
the applications of P,O; and K.O giving the largest return above 
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Figure 3.—Estimated response surface for sugar beets with variable appli- 
cations of P,O, and K,O. 


fertilizer costs were 100 and 290 pounds, respectively. This fer- 
tilizer treatment produced an estimated yield of 22.9 tons of 
sugar beets per acre and $313.00 per acre above fertilizer costs. 

Estimated costs and returns for selected fertilizer treatments 
from the second sample are shown in Table 6. 

Absolute yields and relative yield response differ for the yield 
samples acquired for the two different harvesting dates. How- 
ever, the response is sufficiently similar to warrant some generaliza- 
tions applicable to both sets of data. 


Table 5.—Estimated Costs' and Returns for Selected Fertilizer Treatments, Sample |. 








Fertilizer Treatment Returns Above 

$$ Cost of Estimated Yield Gross Fertilizer 
P2O; K:0 N Fertilizer? (Tons per Acre) Returns? Costs 

50 50 50 $13.00 12.41 $186.00 $173.00 
100 100 50 20.50 14.31 215.00 194.50 
100 200 50 25.50 16.38 246.00 220.50 
200 300 50 40.50 18.73 281.00 240.50 
250 395 50 50.25 19.78 297.00 246.75 





1 Costs of plant nutrients only. 


2 With N, P2Os and K20 priced at $0.11, $0.10 and $0.05 per pound, respectively and 
sugar beets priced at $15.00 per ton. 
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Smaller applications of P,O; (50-100 pounds) were very 
profitable. Larger applications increased yields but did not pro- 
duce a very significant change in net returns. Yield response to 
K,0 applications, on the other hand, was quite large with appli- 
cations of 250-325 pounds of K.O yielding returns substantially 
in excess of costs. 


Table 6—Estimated Costs' and Returns for Selected Fertilizer Treatments, Sample 2. 





Fertilizer Treatment Returns Above 
— Cost of Estimated Yield Gross Fertilizer 
P.O; K-O N Fertilizer? (Tons per Acre) Returns Costs 
50 50 50 $13.00 17.01 $255.00 $242.00 
100 100 50 20.50 19.36 290.00 269.50 
100 200 50 25.50 21.92 329.00 303.50 
100 290 50 30.00 22.88 343.00 313.00 





' Costs of plant nutrients only 
*With N, PsOs and K2O priced at $0.11, $0.10 and $0.05 per pound, respectively, and 
sugar beets priced at $15.00 per ton. 


Summary 


The effect of 7 phosphate levels and 5 potash levels applied 
to a Parkhill clay loam on the yield, sucrose content and purity 
of sugar beets was determined. The petioles were analyzed for 
phosphorus and potassium at 3 dates. The effect of different ex- 
tractants on the phosphorus and potassium extracted from the 
soil was investigated. In addition, an economic analysis of the 
yield data was made to estimate optimum nutrient combinations 
with current sugar beet and fertilizer prices. 

Sugar beet yields increased slightly with large P.O; applica- 
tions (150 pounds or more) but only smaller applications (50- 
100 pounds) produced yield responses which were profitable with 
current prices. Yields responded markedly from large applications 
of K.O. Top yields were obtained from K,O applications in 
excess of 300 pounds per acre. With current fertilizer and sugar 
beet prices, the most profitable K,O applications were in the range 
of 250-325 pounds per acre. 

Potash increased the percent sucrose in the roots by 0.5% 
with no evidence of a significant decrease in purity. 

The phosphorus and potassium contents of the petioles were 
erratic and varied markedly with date of sampling. 

The amount of phosphorus found in extractants containing 
ammonium fluoride was more closely correlated with the amount 
of phosphate applied to the soil than where it was omitted from 
the extracting solution. 

















Odor in Granulated Beet Sugar 
R. F. OLson' 
Received for publication May 21, 1958 

A persistent problem in the manufacture of beet sugar has 
been the inherent odor of the finished product. This odor, no 
matter how slight, is a subject of concern and should be dealt 
with accordingly. Hungerford (1)? reported on the odor problem 
and how difficult it was to obtain precise and reliable informa- 
tion. 

The objective was to study the odor in granulated sugar and 
attempt to find what compounds in granulated sugar correlate 
with the odor. Odor is very hard to define, yet the odor in granu- 
lated sugar has been described as musty, sour, sweet, metallic 
and so on. We are aware that none of the above odors describes 
a specific compound. 

The procedure included evaluations by an odor panel, whose 
findings were later correlated with chemical studies of a hydro- 
chloric acid eluate prepared from the test sugars. The hydro- 
chloric acid eluate was made by a procedure which included 
the use of ion-exchange resin to separate some of the nitrogenous 
constituents from sugar solutions. Dowex 50 cation exchange 
resin, H+ form was used. A 1000 gram sample of sugar was made 
up to approximately three liters and allowed to flow through 
35 ml of the resin at the rate of 25 ml per minute. After the 
sugar solution had passed through the resin, the column was 
rinsed with distilled water to remove the sugar. The water eluate 
was discarded and then 50 ml of five percent hydrochloric acid 
solution was placed in the column and this eluate was collected 
for subsequent chemical analysis. 

All of the test sugars were evaluated for odor by a panel con- 
sisting of five people. In these tests all sugars had at least a 
slight odor. The sugars were placed in clean, sterile, four-ounce 
jars and covered with an odorless screw-type cap. The compari- 
sons were made at room temperature, approximately 25 degrees 
Centigrade. Each jar was gently shaken, the cover lifted slightly 
and the jar brought near the nose to detect the odor. 

The test consisted of nine sugars, with the sugars arranged 
in groups of three. After evaluating the nine sugars in their 
respective groups a fourth group was made up containing a sugar 
from each of the other three groups. A comparison then could 
be made among the nine sugars. The panelists were asked to 
ascertain which sugars in each group had the most pronounced 
and the least pronounced odor. The panel repeated the testing 
three times over a period of a week. 





: Researc h Chemist, Amer ican Crystal Sugar Company, Rocky Ford, Colorado. 
* Numbers in parentheses refer to literature cited. 
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Table 1.—Rating of Sugars. 





Rating of Odor by Panelists 


Panelist | Panelist 2 Panelist 3 Panelist 4 Panelist 5 


Tests Tests Numerical 


Group Tests Tests Tests 
Number eS oe i128 128 128 128 Rating 
l BAB BBB BAB BBB ABB B = 2.78 
ACA CAC ABC AAC BAA A = 1.93 
CBC ACA CCA CCA ccc C= 1.38 
2 F E DFE F DD F F F EDE D = 2.07 
EE F EDD DEE DDD D D F = 2.00 
DDD F E F EFE EEE F F F E = 1.93 
5 GHH HHH (G) 1H GHG HGG H = 2.47 
1GG I (I) I (H)H I H GG GHH G = 2.03 
H I G (G)G i) G G i a 3G I = 1.50 
4 BCc< CCC ccc Cc C(C) CGE C = 2.67 
CEE GEE GEE E (E)(E) EEC E = 1.97 
GGG EG ¢ EGG G (G)(G) GCG G = 1.36 





The first listed sugar in each test had most pronounced odor. Brackets indicate panelist 
found no difference in odor among the samples. For the numerical rating most pronounced 
odor 3, intermediate = 2 and least pronounced odor = 1. 


Table 1 shows the odor rating and the variation in the 
evaluation of odor in granulated sugar samples. 


After evaluating the sugars according to their odor the task 
was then to identify by chemical means the constituents in the 
hydrochloric acid eluate and to ascertain which compounds 
correlated with odor. The search was begun with the listing of 
the characteristics of an odoriferous compound. The compound 
should have a low threshold value; it should be able to 
be synthesized or be the result of a breakdown of another 
compound during the processing of sugar beets. Amines have 
these general characteristics and are either gasses or fairly volatile 
liquids of moderate molecular weight having a pronounced odor 
similar to ammonia, but of a less pungent and more fish-like 
odor. Several of the amines are: methylamine, dimethylamine, 
trimethylamine, ethylamine, diethylamine, n-butylamine and 
n-amylamine. After concentrating the hydrochloric acid eluate 
to a volume suitable for chromatographic studies, the eluate was 
spotted on Whatman No. 4 paper and allowed to develop by a 
descending method in an isopropanol solvent. Paper chromato- 
graphic studies indicate that methylamine reacted similarly with 
a compound detected in the hydrochloric acid eluate. The Rf 
of the unknown coincided with the Rf of the methylamine. 


























VoL. X, No. 5, Apri 1959 437 





Utilizing the method of Rosenblatt, Hlinka and Epstein (2) 
further tests were run on the eluates. This method affords the 
determination of primary amines in the presence of other com- 
pounds. With the knowledge gained from paper chromatographic 
and photo-colorimetric work the compound in the eluate was 
identified as methylamine. 


Table 2.—Rating of Sugars. 





Odor, Methylamine and Betaine 


Sugar ! Numerical Rating of P.P.M P.P.M 

Samples Odor by Panelists Methylamine Betaine 
1 2.30 0.10 16.5 
2 2.50 0.12 19.5 
3 1.20 0.07 7.5 
4 2.44° 0.14 21.5 
5 2.28 0.10 12.8 
6 1.28 0.10 8.5 
7 2.60 0.10 20.0 
8 2.00 0.07 13.0 
9 1.40 0.09 17.0 





1 Numerical rating for this group of sugars was obtained in the same manner as for the 
group of sugars reported in Table 1. 


Another group of sugars were tested and Table 2 shows the 
comparison between the odor and chemical evaluations of gran- 
ulated sugar samples. 

From paper chromatographic studies it was found that some 
of the amino acids were present in the granulated sugar. In the 
testing odor was not discernable from the individual amino acids. 
Betaine was also present in appreciable amounts in granulated 
sugar. Betaine was determined by precipitation as the Reinecke 
salt. The Reinecke-betaine salt was dissolved in 70 percent 
acetone and read in a colorimeter at a wavelength of 515 milli- 
microns using known amounts of betaine hydrochloride as 
standards. 


Table 2 shows the comparison of odor, methylamine and 
betaine concentrations. 

Some preliminary tests indicated the presence of methylamine 
in the centrifugal wash water and in the cation regenerant solu- 
tion of an ion-exchange system. Molasses has been found to 
contain methylamine. Another amine was detected in the dis- 
tillate resulting from distilling an alkaline solution of betaine. 
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Whether the methylamine was a result of the degradation of a 
higher compound or was synthesized during the factory process 
is a question yet to be resolved. Methylamine may be readily 
synthesized from formaldehyde and ammonium chloride in the 
presence of heat. Methylamine as previously stated may be due 
to the degradation of higher compounds, as is dimethylamine 
and trimethylamine during the distillation of sugar beet residues 
which contain betaine. 


Summary 
[he odor in beet sugars was evaluated organoleptically by a 
panel of five people. Methylamine and betaine were found to 
be present in these sugars. Methylamine and betaine correlate 
with odor. 


Literature Cited 
(1) Huncerrorp, E, H. 1957. Factors affecting odor in beet sugar. Jour. 
Amer. Soc. Sugar Beet Tech. IX (5) :377-380. 


(2) Rosensiatr, Davip H., Hiinka, Peter, and Epstein, JosepuH. 1955. Use 
of 1, 2-naphthoquinone-4-sulfonate for the estimation of ethylenimine 
and primary amines. Analytical Chemistry. Vol. 27, No. 8. 














Effect of Nitrogen on Yield and Subsequent 
Germinability of Sugar Beet Seed’ 


F. W. SNYDER? 
Received for publication May 22, 1958 

The general effect of nitrogen on crop yields is well known. 
In the Pacific Northwest of the United States, the yield of sugar 
beet seed has been increased very significantly by applying a 
nitrogen fertilizer (1). The percentage of germination also has 
been increased by applying nitrogen and phosphorus fertilizer 
(1). This paper reports the effect of different levels of nitrogen 
in nutrient solution on yield and germinability of sugar beet seed. 

Methods and Materials 

In 1956, the annual variety SL 9460 was grown. Seedlings 
from fast-germinating seeds were planted in three-inch pots. 
After approximately three weeks’ growth, two seedlings were 
transplanted into each of 18 four-gallon crocks containing vermi- 
culite. A balanced nutrient solution, designated the “low” nitro- 
gen solution, was applied daily to the crocks until the differential 
levels of nitrogen were initiated 13 days later (April 26). Half 
of the crocks (nine) remained on the “low” nitrogen solution; 
the other half received the “medium” nitrogen solution. Be- 
ginning May 7, the plants were given continuous light for two 
weeks. The crocks were placed outdoors on May 22 and re- 
mained there until after the seed was harvested. Flowering be- 
gan the week of June 3-10. 

In 1957, 3 clones of biennial sugar beets, E209-3w, E221-lw, 
F223-6le, were used as experimental plants. Following 10 weeks 
of photothermal induction, a plant was transplanted into each 
crock and placed outdoors on May 16. All plants received the 
“low” nitrogen solution until June 3. On June 3, a 3 x 3 x 3 
experiment was begun. Each of the 3 nitrogen levels (low, 
medium, and high) contained 3 plants from each of the 3 clones. 
The first flowers on these plants opened between June 15 and 20. 

The nutrient solution contained the following salts, ex- 
pressed as grams per liter: KH.PO, — 0.12, KC] — 0.60, KNO, 
— 0.30, MgSO,.7H.O — 0.48, NH,H,.PO, — 0.24, NH,Cl — 
0.24. In the 1956 experiment, Ca(NO,)..4H,O was added to the 
above solution at 0.62 grams per liter and in 1957 at 0.48 grams 
per liter. Additional nitrogen was supplied as ammonium nitrate. 
The molar concentrations of nitrogen in the nutrient solutions 
are shown below. 

1 Cooperative investigations of the Crops Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, and the Michigan Agricultural Experiment Station. Ap- 
proved for publication as Journal article No. 2199, Michigan Agricultural Experiment Station 


2 Plant Physiologist, Crops Research Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture, East Lansing, Michigan. 
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Solution Designation 


Low Nitrogen Medium Nitrogen High Nitrogen 
Molar Molar Molar 
Molarity Ratio Molarity Ratio Molarity Ratio 
Year of N N-P-K of N N-P-K of N N--P-K 
1956 0.0148 5.1-1-4.1 0.0484 16.7-1-4.1 
1957 0.0136 4.7-1-4.1 0.0472 16.3-1-4.1 0.0808 27.9-1-4.1 





When the different nitrogen levels were initiated, 800 milli- 
liters of nutrient solution were supplied daily to each crock. As 
the plants became larger, sufficient water was added in the morn- 
ing to cause flushing. The nutrient solution was added in the 
afternoon. The crocks were flushed thoroughly with water every 
7 to 10 days. 

The seed was harvested when nearly all of the seedballs 
were straw colored. Weights of seed were recorded. Although 
insecticides were applied to control insects, in 1957, the weights 
of seed were approximate because a few plants were damaged 
by stalk borers. 

The speed of germination of the seedlots was determined 
by a nutrient solution technique (2) using a solution of 10.1 
atmospheres osmotic pressure. Eighty whole seedballs from each 
seedlot were used. 

Results 
1956 Data 

The differential nitrogen levels, although initiated at the 8-to 
12-leaf stage, did not have any effect on rate of bolting or earli- 
ness of flowering. Within a month, the foliage of the plants re- 
ceiving the “medium” nitrogen solution was darker green than 
the foliage of those on the “low” solution. By July 10, a “tip 
burn” of the terminal portions of the flower stalks had developed. 
The severity of burn correlated directly with the amount of 
nitrogen in the solution. 

The plants were maintained on the same nutrient solution 
for 10 days after the seed was harvested, then all plants were given 
the “low” nitrogen solution. In spite of the change to the “low” 
nitrogen solution, those plants which formerly received the 
“medium” solution continued to deteriorate. Within a month 
after harvest, 16 of the 18 plants died. In comparison, all the 
plants which formerly received the “low” nitrogen solution sur- 
vived. The annual variety SL 9460 seems to be sensitive to the 
amount of nitrogen supplied. 
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Plants receiving the ‘low’ nitrogen solution produced 106 
grams of seed per plant, while those on the “medium” solution 
produced only 95.5 grams. This difference was significant at the 
2.5 percent level. 

Seed harvested from plants receiving the “medium” nitrogen 
solution germinated as rapidly as seed harvested from plants 
receiving the “low” nitrogen solution. The percentage of ger- 
mination also was unaffected by the amount of nitrogen supplied 
to the parent plants. 


1957 Data 

The foliage of plants receiving the “low” nitrogen solution 
was a lighte1 green than the foliage of those plants receiving the 
“medium” and “high” nitrogen solutions. As the seed approached 
maturity, the lower leaves of those plants on the “low” solution 
were more chlorotic than those on the higher amounts of nitro- 
gen. These clones did not reveal the “tip burn” observed in 
the annual variety SL 9460 in 1956. Plants on the “low” solution 
remained turgid when those on the “medium” solution began 
to wilt. Those on the “high” solution wilted most readily. 

The osmotic concentration, as measured by specific conduct- 
ance of the effluent from the crocks, correlated with the incre- 
ment of nitrogen in solution. However, the increased osmotic 
concentration did not seem to account fully for the greater 
tendency to wilt. One of the three clones receiving the “high” 
nitrogen solution wilted more readily on sunny days than the 
other two. The tendency to wilt was essentially independent of 
the size and leaf area of the plants, suggesting that the wilting 
was the result of differential water absorption among the clones 
exposed to the “high” nitrogen solution. 

Seed yields were reduced slightly due to insect injury to 8 of 
the 27 plants. Only two of the plants, however, had an appreci- 
able reduction in yield. The injured plants were dispersed 
among the three levels of nitrogen so that the total amount of 
seed produced under a given nitrogen level should reflect the 
trends. The total weight in grams of seed produced for each 
level of nitrogen was as follows: high—1670, medium—1760, 
and low—1800. The significance of these differences cannot be 
evaluated. 

The clones differed significantly (1 percent level) in speed 
of germination. The level of nitrogen did not affect significantly 
the speed or percentage of germination at three days. However, 
the high level of nitrogen supplied to the parent plants increased 
significantly (5 percent level) the percentage of germination in 
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five days. The data have been summarized in Table 1. The seed 
produced by two clones receiving the “high” nitrogen solution 
germinated best. 


Table 1.—Effect of Nitrogen Supply to Parent Plants on Percentage Germination of 
Seed. Counts Made 3 and 5 Days After Placing in Contact with Nutrient Solution. 





Percentage of Germination by Nitrogen Levels' 
Medium High 


Clone 


E209-3w 8.5 92 20.0 
E221-lw 24.3 3 22.9 


E223-6le 35. 58.3 40.4 


Average 22.5 52.5 27.8 





1 Average of three replications. 


Discussion 
Results from these nutrient solution experiments suggest a 
guide for nitrogen fertilization in the production of sugar beet 
seed. In interpreting the nutrient data, the relatively complete 
availability of all nutrient elements in the solution must be recog- 


nized. Also, in terms of nutrient balance, the “low” nitrogen 
solution would be considered to be very nearly adequate. Yield 
data support this latter statement. 

The level of nitrogen supplied to the parent plants did not 
have a very pronounced effect on the speed or percentage of ger- 
mination of the seed. Therefore, the amount of nitrogen supplied 
should be based more specifically on its effect on the parent plant. 
Some evidence was obtained to indicate that an excess of nitro- 
gen may be sufficiently detrimental to the parent plants to re- 
duce the yield of seed. Nitrogen should be supplied in balance 
with the other nutrients and in amounts sufficient to produce a 
maximum yield of seed. 

The results of this investigation do not appear to be incom- 
patible with those obtained in field experiments conducted in 
the Pacific Northwest, since the yield at the lowest level of nitro- 
gen employed in this study exceeded the yield from greater 
amounts of nitrogen, suggesting that nitrogen was not deficient 
at the lowest level. Both studies suggest that additional nitrogen 
supplied to the parent plants may, at least under certain condi- 
tions, improve the percentage germination. 


Summary 


There was no marked difference in speed or percentage 
germination of seed from sugar beet plants supplied with ade- 
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quate versus excess quantities of nitrogen (Ammonium Nitrate) 
in nutrient solutions. 

Clones and varieties of sugar beets reacted differently to an 
excess of nitrogen in nutrient solution. Some of the plants were 
injured, even succumbing after the seed was harvested. 

Nitrogen fertilizer should be supplied in balance with the 
other nutrient elements and in amounts sufficient to obtain maxi- 
mum yields of seed. 
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Susceptibility of Several Beta Species to the Sugar- 
Beet Nematode (Heterodera Schachtii) and 
Root-Knot Nematodes (Meloidogyne spp.) 


A. MorGAn GOLDEN’ 
Received for publication June 30, 1958 

The current interest in various wild Beta species apparently 
arises because of their possession of some very desirable char- 
acteristics which might eventually be incorporated into commer- 
cial varieties of sugar beet, Beta vulgaris L. As pointed out by 
Coons (1)? and Doxtater (2), certain wild species possess high 
resistance to curly-top virus and Cercospora leaf-spot and might 
possibly serve as valuable sources for other important characters. 
Stewart (6) noted that the wild species, Beta procumbens Chr. 
Sm., was reported by two German investigators as resistant to 
the sugar-beet nematode, Heterodera schachtti Schmidt. and that 
this same plant species, as well as B. patellaris Moq. and B. web- 
biana Mogq., also has immunity to leaf spot and at least high 
resistance to curly-top virus. Different workers have since further 
examined B. patellaris, B. procumbens, and B. webbiana for sus- 
ceptibility to the sugar-beet nematode. For example, both Hijner 
(4) and Winslow (7) reported these three species as resistant to 
the sugar-beet nematode. Hijner (4) further found five other 
Beta species (B. lomatogona Fisch. and Mey, B. trigyna Wald. 
and Kitt., B. maritima L., B. macrocarpa Guss.. and B. atriplici- 
folia Rouy) to be susceptible to this nematode. Winslow (7) 
also found B. trigyna susceptible and Jones (5) reported B. mar- 
itima as susceptible. 

The present work was initiated (1) to determine the sus- 
ceptibility to the sugar-beet nematode of several Beta species* as 
given in Table | and, (2) to test all Beta special found resistant 
to sugar-beet nematodes with six svecies and subspecies of root- 
knot nematodes (Meloidogyne spp.). 


Materials and Methods 

Seeds of the various test and control plants were germinated 
in sterilized sand and the resulting plants allowed to grow sev- 
eral days before transplanting. For the test with the sugar-beet 
nematode, the methods and system of rating infection as described 
by Golden and Shafer (3) were used. Briefly, each of 20 young 
plants of each of the test plants and the sugar-beet control was 
placed individually in aluminum-foil cylinders, 214 inches in 





1 Nematologist, Crops Research Division, Agricultural Research Service, United States De- 
partment of Agriculture, Salinas, California. 
2 Numbers in parentheses refer to literature cited. 
8 Seeds of several of the test plants were kindly supplied by Dr. Gerald Coe, Crops Re- 
search Division, Agricultural Research Service, United States Department of Agriculture, Belts- 
ville, Maryland. 
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diameter and 7 inches long, which were filled with homogene- 
ously-mixed soil heavily infested with cysts of the sugar-beet 
nematode. These were grown for two months in the greenhouse 
at a maintained night temperature of 72° to about 85° F. The 
plants were then examined for white females and cysts of the 
sugar-beet nematode and rated according to the degree of in- 
fection. 


In the root-knot nematode test, seven plants each of B. patel- 
laris, B. procumbens, and B. webbiana, were placed in 6-inch 
pots containing soil heavily infested with one of the species of 
root-knot nematodes named on Table 2. Tomato plants were 
similarly planted as controls. All were grown for three months 
in the greenhouse under essentially the same environmental con- 
ditions as above. Then the plants were examined and rated for 
root-knot nematode infection after being washed from the pots 
with a gentle stream of water. 


Results and Discussion 


Examination of the infection index data in Table 1 shows 
that six of the test plants are highly susceptible to the sugar- 
beet nematode, having an infection rating the same or almost 


the same as the sugar-beet control (4.0). Microscopic examina- 


Table 1.—Susceptibility of Several Beta Species to H. schachtii, the Sugar-Beet Nematode. 





Average 
Test Plants Infection Index* 





Beta atriplicifolia Rouy x B. vulgaris L. (Fa) 

B. macrocarpa Guss. 

B. maritima L. 

B. patellaris Moq. 

B. patula Ait. 

B. procumbens Chrys. Sm. 

Beta sp. (annual from Turkey) 3.8 
B. trigyna Wald. and Kitt. 4.0 
B. webbiana Mog. 0 
B. vulgaris L. (sugar beet )—control 4.0 





* Indicates the degree of infection as determined by visual estimate of the number of 
white females and cysts on the roots. 


Scale: 

no infection (no white females or cysts found ) 
trace (only a few white females or cysts found ) 
light (white females or cysts in small numbers) 
moderate (white females or cysts numerous ) 
heavy (white females or cysts very numerous ) 


iu uu 
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Table 2.—Susceptibility of Certain Beta Species to Root-Knot Nematodes (Meloidogyne spp.) 





Root-Knot Rating* 





Nematode B. patellaris B. procumbens B. webbiana Tomato (control) 


2.7 2.5 4.0 


M. arenaria 

M. arenaria thamesi 2.7 5 4.0 
M. hapla 3. 2.9 3. 4.0 
4.0 


4.0 


M. incognita 
M. incognita acrita 


M. javanica 4.0 





* Scale: 
0 = no infection 
1 = trace 
2 = light 
$3 = moderate 
4 = heavy 


tion revealed that cysts from the roots of these six test plants and 
the sugar-beet control were filled with eggs and larvae, indicat- 
ing normal development of the nematode. In the other three 
test plants (B. patellaris, B. procumbens, and B. webbiana), how- 
ever, no females of the sugar-beet nematode were found on the 
roots even with microscopic examination, indicating a high de- 
gree of resistance. 

Table 2 shows that the three wild Beta species above which 
were highly resistant to the sugar-beet nematode are quite sus- 
ceptible to all of the six species and subspecies of root-knot 
nematodes known to occur in the United States. By microscopic 
examination it was determined that within the roots there were 
numerous mature females with eggs, the nematode apparently 
having developed normaily on these wild species as on the 
tomato control. 

Although these three wild Beta species did not prove to be 
resistant to any of the root-knot nematodes tested, their demon- 
strated resistance to the very important sugar-beet nematode, 
as well as their possession of other desirable characters would 
seem to justify continued interest in and work with them. 


Summary 


Of nine different Beta species examined for susceptibility to 
the sugar-beet nematode, six were found to be very susceptible 
and three species (B. patellaris, B. procumbens, and B. webbiana) 
were shown to be highly resistant. In another test, these same 
three species proved to be quite susceptible to all of the six 
species and subspecies of root-knot nematodes known to occur 
in the United States. 





VoL. X, No. 5, Aprit 1959 


Literature Cited 


(1) Coons, G. H. 1938. Wild species of the genus Beta. Proc. Amer. Soc. 
Sugar Beet Tech. Ist General Meeting: 74-76. 


(2) Doxtator, C. W. 1938. Possibilities of improving cultivated varieties 
of sugar beets by hybridization with wild types. Proc. Amer. Soc. 
Sugar Beet Tech. Ist General Meeting: 79-80. 

(3) Gotpen, A. M. and SuHarer, T. 1958. Differential response of Heter- 


odera schachtii, the sugar-beet nematode, to selections of Chenopodium 
album. U. S. Dept. of Agr. Plant Dis. Reptr. 42:184-187. 


Hijner, J. A. 1952. The susceptibility of wild beets for Heterodera 
schachtii. Meded. Inst. v. Rationele Suikerproductie 21:13 pp. 


Jones, F. G. W. 1950. Observations on the beet eelworm and other 
cyst-forming species of Heterodera. Ann. Appl. Biol. 37:407-440. 


STEWART, Dewey. 1950. Sugar beet x Beta procumbens, the F, and 
backcross generations. Proc. Amer. Soc. Sugar Beet Tech. 6:176-179. 


Winstow, R. D. 1954. Provisional lists of host plants of some root 
eelworms (Heterodera spp.). Ann. Appl. Biol. 41:591-605. 





Effect of Competition on Sugar Beet Plants 
In Pot Experiments 
ALBERT ULRICH’ 


Received for publication August 11, 1958 


A study of the effects of crowding on plants in pots and in 
the field is of interest to plant physiologists and agronomists 
alike. Fundamentally, space above ground is necessary to plants 
for light, warmth, carbon dioxide and oxygen. Excessive crowd- 
ing may deprive adjacent plants of adequate supplies of these 
growth factors as well as actual space for growth. Even an in- 
dividual plant may compete excessively for light with its own 
leaves and so it may grow less favorably than another plant or 
variety with a better leaf pattern. In the sub-surface part of the 
sugar beet plant, the storage and secondary roots may compete 
not only for living room and available oxygen but for water and 
nutrients in the soil as well. 

Agronomists have generally concluded from the results of 
spacing experiments that yields per acre decrease whenever the 
rows are spaced more than 20 inches apart (3, 21, 18, 6. 8)’. 
Spacing within the row is important for rows spaced less than 20 
inches apart (13, 3) but for rows spaced 20 inches or more, 
yields are largely independent of spacing within the row provid- 
ing the spacings are not much less than 6 inches or more than 
16 inches (5, 20, 17, 9, 10, 19). Within these limits, yields do 
not change appreciably whether the individual plants are spaced 
evenly or have as many as 25% to 50% doubles per unit length 
of row (3, 10, 7, 15, 17). This implies that the beet root yields 
are relatively constant per unit length of row and that the size 
of the individual roots increases directly as the spacing within 
the row increases up to the 16 inch spacing. Beyond the 16 inch 
spacing, root sizes become relatively constant, which implies that 
the yields per acre decrease as the distance between beets, i.e., 
unoccupied row space increases (7). This idea agrees with the 
earlier conclusions of Brewbaker and Deming (1), namely, that 
yields for a given spacing are approximately linear to the stand 
of beets and that the stand of beets under field conditions has 
a greater effect on the final yield than the particular row width 
or spacing used. 

The smaller beet roots in the closer spacings have been found 
to have in some studies a slightly higher sucrose concentration 
than the larger roots in the wider spacings within the row (1, 11). 
It is not clear whether this is a matter of root size alone or is 


1 Plant Physiologist, University of California, Berkeley 4, California. 
2 Numbers in parentheses refer to literature cited. 
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associated with a more efficient utilization of plant nutrients, 
particularly nitrogen, or to a better utilization of light by the 
beet plant itself. The increased top growth with closer spacing 
reported by Garner and Sanders (11) tends to support the latter 
explanation. 

The effects of crowding or rather competition per se unen- 
cumbered by possible nutritional and moisture problems has 
seldom, if ever, been studied for sugar beets. By growing beet 
plants in pots containing vermiculite as a substrate and by wat- 
ering the plants daily with a full nutrient solution, competition 
for water and plant nutrients would be reduced to a minimum. 
Under these conditions, the effects of crowding on top growth, 
root development and on sucrose concentration of the beet root 
would be associated primarily with light and possibly with carbon 
dioxide and oxygen availability. The variability in root weight. 
sucrose concentration and-top growth from pot to pot would be 
a function of the number of plants per pot and not of soil nutri- 
ents or moisture. It is the purpose of this paper to report the 
findings for sugar beet plants grown at the rate of one, two, three, 
four or five plants per pot and to relate the results to pot ex- 
perimentation and to spacing problems in the field. 


Methods and Procedures 


Seeds of the variety US 75 dusted with the fungicide Phygon 
XL at the rate of 1% were planted on May 2, 1955, at a depth 
of 34” in 5 gallon pots filled with vermiculite No. 2. The pots 
were 11” in diameter, 13” deep, and had four holes drilled at 
the side near the bottom for drainage. The vermiculite was 
added by the cupful in rotation until the pots were all filled 
simultaneously. The pots were watered with half strength 
modified Hoagland’s nutrient solution (23), tamped down several 
times to settle the moist vermiculite by dropping the pots onto 
a hard surface and refilled to capacity. 


Ten seedballs were planted in a circle 514 inches in diameter 
for the | and 2 plants per pot and twenty seedballs for the 3 to 
5 plants per pot. After planting the seeds, the pots were watered 
daily with nutrient solution until the plants were harvested. 
On May 9 the cotyledons emerged above the vermiculite surface 
and bv Mav 20 the seedlings were in the two-leaf stage. In the 
3 to 4 leaf stage. the plants were thinned to one seedling per 
seedball with the best seedling remaining. In the second thinning 
on May 27 the plants were thinned to 4. 5. 7. 9. and 11 seedlings 
for the pots with the 1. 2. 3. 4. and 5 plants per pot respectively. 
The best plants were left in all cases. The final thinnings were 
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done on June | when the plants were in the 6-leaf stage. The 
single plants per pot were left at random in the planted circle 
and in the pots with 2, 3, 4, and 5 plants, the plants were thinned 
evenly in a circle. During the growing season, the old leaves were 
removed periodically, dried in the oven at 70° C. and weighed 
at the end of the harvest. In the experiment there were 28, 20, 
15, 15, and 15 pots for the one to five plants per pot, respectively. 


Harvest: Individual fresh weights of tops and beet root were 
taken when plants were harvested on October 18, 1955. The 
plants were separated into recently matured blades and petioles, 
residue material, and beet roots. The fresh weight of the tops 
included all fresh material above the oldest living leaf and the 
beet root consisted of crown plus root. Twenty recently matured 
leaves per pot were selected equally among the plants for all 
pots except for the 3 plants per pot in which 21 were taken for 
tissue analysis. The remaining portions of the tops after sampling 
were classified as the residue. All the fresh top material was 
dried at 70° C. in a forced draft oven and then weighed. 

Pulp for sucrose analysis was obtained from each beet (plus 
crown) separately by means of a Kiel rasp. It was thoroughly 
mixed with an electric mixer. Three 26.0 gram samples were 
quick frozen with dry ice and placed in a deep freeze cabinet 
maintained at —2° F. (24). Percent sucrose was determined by 
the 80° C. hot water digestion method described by Browne and 
Zerban (2). Nitrate in the dried, finely ground petiole material 
was determined by the phenoldisulfonic acid method (14). 


Results 


The results for the pot experiment are presented in Table | 
and Figures | and 2. The beet root weights, which include the 
crown, increased significantly for the pots with two plants per pot 
over those with one plant per pot but thereafter the weights on 
a per pot basis remained relatively constant. On a per plant 
basis, however, the individual root weights decreased as the num- 
ber of plants per pot was increased. Starting with two plants 
per pot this decrease was nearly linear to the number of plants 
per pot, with the individual beet roots in the four plants per 
pot weighing approximately one-half of those with two plants 
per pot. 

Apparently beet root size can be controlled without a loss in 
total root weight produced per pot. This fact has important 
practical implications, namely, the beet root yield per unit area 
or unit length of row fully occupied by plants is a constant. 
From the standpoint of marketability, however, extremes in close 
spacing should be avoided, especially on soils of low fertility or 
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Figure 1.—The relationship of top weight, root weight, sucrose concentra- 
tion, and gross sugar to the number of plants per pot. 


in areas with marginal climates. In the present pot experiment, 
all beets were marketable even at the closest spacing (Figure 2), 
although a few beet roots weighed less than half a pound and 
were in the doubtful range (4). 

A special point of interest is the significantly lower beet root 
weight per pot for the single plants as compared to two or more 
plants per pot. The lower beet root weight for the single plants 
per pot is probably the result of three factors, one, an incomplete 
utilization of the space available for growth, two, an inferior 
growth potential, and three, possible disease or insect damage. 
With two plants per pot there are more leaves per pot and a 
larger effective leaf spread than with a single plant and thereby 
the aerial space is utilized more effectively for photosynthesis 
and growth than by a single plant per pot. With two plants per 
pot, the poor growth of one plant with an inferior genetic com- 
position is often almost fully compensated for by the second 
plant. Similarly, a plant damaged slightly by disease or insects 
could very well be compensated for by its companion plant. How- 
ever, in this study, neither disease nor insect damage was of sig- 
nificance, and accordingly, these factors are not important rela- 
tive to the variability of the plants from pot to pot. As expected, 
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Figure 2.—Beet roots from pots containing one to five plants per pot. 
These averaged 3320, 3910, 3800, 3710, and 3830 grams per pot, respectively. 
The corresponding sucrose concentrations are 12.3, 12.4, 12.4, 12.6, and 
13.1%. 
the variability for beet root weight on a pot basis for two plants 
per pot was considerably less than for one plant per pot. This 
is indicated by the reductions in mean squares and in the co- 
efficients of variability for one and two plants per pot (Table 1). 

With three or more plants per pot there is a further reduc- 
tion in variability from pot to pot in beet root weight but the 
decrease is not sufficient to compensate for the extra work asso- 
ciated with the larger number of plants per pot. To detect a 
difference in beet root weight of 10% at the 5% level, approxi- 
mately 31 replications are necessary for one plant per pot, and 
8 to 13 replications for 2 to 5 plants per pot (16, Table VII). 

Percent sucrose: The weighted sucrose percentages of the beet 
roots increased slowly from | to 4 plants per pot and then by a 
half of a percentage unit from 4 to 5 plants per pot (Table 1, 
Figure 1). The reason for this relatively large increase is un- 
known, although it is possible that a change in climate favoring 
sucrose accumulation may have occurred just before harvest 
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and increased the sucrose concentration of the smaller beets 
more rapidly than the larger ones. The converse would of course 
take place during unfavorable weather, and here, large beets 
would have a higher sucrose concentration than small beets. 

Again the mean squares for error (Table 1) decreased quite 
sharply for two plants per pot. Thereafter, there were no large 
changes in error mean square or in the coefficients of variability. 
Thus, when testing sugar beet plants for sugar and yield in pot 
experiments, two plants per pot appear ideal. To detect a differ- 
ence of only 5% in sucrose concentration of the beet root at the 
5% level approximately 21 replications are necessary for pots with 
one plant per pot and only 7 to 13 replications for pots with 
2 to 5 plants per pot (16, Table VII). 

Gross Sugar: The sucrose stored by the beet plants followed 
the same general pattern as that of the root weights and not of 
the weighted sucrose concentrations (Table 1, Figure 1). Hence, 
as in the beet root weights only the increase in gross sugar from 
one to two plants per pot was significant statistically. With two 
or more plants per pot sugar yields were constant. This implies 
that the same amount of sugar is produced within a given area 
as long as the area is fully occupied by plants. 

From the standpoint of technique the use of two plants per 
pot rather than one, or more than two, is again indicated. If a 
difference in gross sugar of 10% is to be detected at a probability 
level of 5%, approximately 15 replications of two plants per pot 
will be required. For all three measurements, beet root weight, 
sucrose concentration, and gross sugar, 15 replications per treat- 
ment seems to be a relatively safe number to use to detect a differ- 
ence of 5 to 10% at the 5% level of significance. 

Top Growth: The fresh weight of the tops, in a contrast to 
the beet root weights, increased with the number of plants per 
pot until there were four plants per pot (Table 1, Figure 1). 
Closer spacing in the field has likewise increased the size of the 
tops (11). Apparently, the point of saturation for top growth 
is at a higher level than for beet root growth. Having more tops 
per unit area may account for the maintenance of total beet root 
growth and the gradual increase in sucrose concentration of the 
storage root itself. 

The dry weights of the tops, either with or without the old 
leaves, were in accord with the fresh weights of the tops (Table 
1). Old leaf production, regardless of the number of plants per 
pot, constituted approximately one-third of the total dry weight 
of the leaves produced during the five and one-half months of 
growth. Thus, it appears that leaf senescence is directly related 
to top weight, and also, reaches a maximum value with four to 
five plants per pot. 
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Petiole-nitrate-nitrogen: The nitrate-nitrogen values for the 
petioles of recently matured leaves (young, fully expanded leaves) 
were well above the critical value ot 1,000 p.p.m. nitrate-nitrogen 
(22) and did not differ significantly from each other (Table 1). 
Apparently, all plants, regardless of the degree of crowding, were 
equally weil supplied with nutrients, if we use the nitrate values 
as a criterion ot the adequacy of all nutrients. Water was also 
adequate at all times even for the pots with five plants to a pot. 


Discussion 

The extent to which the results of pot experiments apply to 
field conditions is always problematical. Much depends upon 
the kind of information obtained and upon the use to be made 
of the results. In the present instance the finding that the beet 
root yields for areas tully covered by leaves is a constant per 
unit area is of interest in, two ways, one for applying corrections 
to beet root weights in field experiments from plots with missing 
plants, and the other, to provide information about the kind of 
stand to be sought for maximum sugar production from hand or 
mechanical thinning operations. 

The present results from the pot experiments indicate quite 
clearly that corrections for missing plants within a row on high 
fertility soils should be made on the basis of the area unoccupied 
by leaves of adjacent plants. The reduction in beet root yield 
in fertile soils appears primarily a matter of sunlight unused for 
photosynthesis and not of a shortage of nutrients or of water 
for growth. In a low fertility soil the corrections to be made 
must take into consideration the extra plant food made available 
to the plants on each side of the gap. In some instances the extra 
supply of nitrogen in the gap of a low nitrogen soil might com- 
pensate fully for the unused light in the unoccupied space of 
the beet row, especially if the gap is relatively small. Because 
of the smaller tops of nitrogen deficient plants, closer spacing 
may be required for full utilization of the incident light, although 
if the nitrogen deficiency is acute the losses from the small un- 
marketable beets left in the field might become appreciable. 
Corrections for sucrose concentration might also be necessary 
for some nutrient deficiencies, especially for nitrogen. Beet plants 
adjacent to gaps would have a larger supply of nitrogen for 
growth and this could lower sucrose concentrations significantly 
in comparison to beets not next to gaps. 

The amount of compensation from neighboring beets for 
beet root weight lost due to a single gap in a row may be 
nearly complete under some field conditions. Brewbaker and 


, 


Deming (1) reported compensations up to 96.2% and Garner 
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and Sanders (12) 80 to 89% during a dry year and from 41 to 
84% in a wet year. Such high compensations can be readily 
explained for fields high in fertility if the loss of light in the 
unoccupied space is prevented by an early cover of leaves from 
neighboring plants. In fields of low fertility growth would not 
be limited by light and under these conditions compensation 
would depend upon the ability of neighboring plants to absorb 
and fully utilize the nutrients that would have been absorbed 
and utilized by the missing plant. Quite likely full utilization 
of the nutrients could never take place and so the loss in yield 
would never be completely compensated. The degree of com- 
pensation would be still less for more than one gap within a 
row and from this it follows that the use of a simple mathe- 
matical equation for the correction of all “stands” seems un- 
likely. If a correction for yield must be made, the best correc- 
tion appears to be that calculated from the regression of stand 
on yield for each situation (13). 

Judging from the results of the present pot experiment 
spacing in the field should provide for a maximum leaf coverage 
for as much of the growing season as is compatible with modern 
cultural practices. From this standpoint certain beet varieties 
may have distinct advantages over others in leaf spread and pat- 
tern. Gaps, whatever their cause, should be reduced to a mini- 
mum at all times and it might well be, that a good stand is more 
important than a particular spacing (1) providing the leaves cover 
the field effectively for a maximum period during the growing 
season. Spacing within the row appears to be unimportant un- 
less the plants are spaced too close together or too far apart. 


Summary 

Sugar beet plants from one to five plants per pot were grown 
outdoors in vermiculite by the open pot culture technique using 
a complete nutrient solution added daily. In this way competi- 
tion for water and nutrients was removed and only the inherent 
variations in growth potential and the differences in ability to 
compete for light and possibly for carbon dioxide, oxygen and 
thermal energy remained. Under these conditions beet root 
weight and gross sugar per pot increased appreciably from one 
to two plants per pot and thereafter remained relatively constant. 
Sucrose concentrations increased as the plants per pot were in- 
creased, with the largest increase taking place from 4 to 5 plants 
per pot. Fresh weights of tops increased appreciably from one 
to four plants per pot, with no change from four to five plants 
per pot. Variability in beet root weight, sucrose concentration. 
gross sugar and top weight decreased sharply from pot to pot for 
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one to two plants per pot. The decreases in variability for three 
to five plants per pot were not worthwhile experimentally in 
most instances. 

The constancy of beet root yields per unit area for areas fully 
occupied by leaves implies that a uniform spacing within the row 
is unnecessary as long as the spacing is neither too close nor too 
far apart. A full leaf coverage should be sought at all times, 
especially on fertile fields, if maximum production is to be at- 
tained, otherwise, losses approximately proportional to the area 
unoccupied by leaves appear likely. 
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Breeding for improvement of sugar beets in the past has been 
largely confined to obtaining resistant varieties for several dis- 
eases and increasing yield and sucrose percent. However, from 
a processing viewpoint, the production of varieties of sugar beets 
having a minimum of melassigenic substances would be highly 
desirable and very profitable to the industry. One of the prin- 
cipally unwanted melassigenic substances in many areas is raffi- 
nose, which interferes with the recovery of sucrose from the sugar 
beet. Like sucrose, raffinose is precipitated by lime in the saccha- 
rate process and is retained in the syrups because of continued 
recycling of the juices in the sugar factory. Thus the elimina- 
tion of this unwanted substance is in the hands of the beet breeder. 

Zitkowski (8, 9, 10)? as early as 1910 recoenized the trouble- 
some characteristics of raffinose and published methods of isolat- 
ing it from sugar beet products. However, breeding sucar beets 
for low raffinose content was not practical until the development 
of the paper chromatography method: of determination as de- 
scribed by Brown (1) and Serro and Brown (5). 

Zitkowski (10) also observed that the quantitv of raffinose 
in beets increased when exposed to freezing weather and sug- 
sested the noss‘bility of enzymatic action on other carbohvdrates 
which would eventually form raffinose. Finkner and Bauserman 
(3) noticed that the raffinose content of the same varieties in- 
creased anproximately 30 percent when harvested three weeks 
later. They also attributed this accumulation of raffinose to colder 
temperatures. Brown and Wood (2) reported that raffinose con- 
tent of the same variety could vary from location to location. 
and that some increase in raffinose content was noticed durine 
storace. Finkner et al (4) also demonstrated that the raffinose 
content of varieties increased with storage. 

It has been clearly shown by several workers (2. 3. 6, 7) that 
varieties differed in their genetic make-up and strains can be 
selected which have a low raffinose content. Therefore it anpears 
that several factors affect the raffinose content of beets. Among 
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them are: 1. Heredity, 2. Environment during growth, 3. Con- 
ditions of storage after harvest and 4. Interaction between these 
factors. 

The investigation presented here was designed to determine 
what changes occurred in raffinose content and other character- 
istics of sugar beet varieties during a series of six consecutive 
harvests. 

Materials and Methods 

A split plot experimental design was used with varieties being 
the main plots and dates-of-harvest the sub-plots. The main plots 
were replicated six times in a Latin square arrangement. A single 
35 foot row, 22 inches wide, was harvested for yield of each variety 
on each of the six dates. The beets from each plot were randomly 
divided into three equal samples and every beet within each 
sample was rasped. The resulting pulp for each sample was 
bulked together for chemical analyses. 


Table 1.—F Values for Variety, Harvest Dates and the Interaction Between the Two. 





Tons Per Percent Pounds Sucrose X No. Beets 
Source of Variation Acre Sucrose Per Acre Raff. Gal. Per 35’ 
Variety 4.742 23.392 8.382 24.892 2.821 4.972 
Harvest dates 8.222 119.152 12.502 87.182 9.512 3.302 
Varieties x dates NS NS NS NS NS NS 





The dates of harvest were approximately at 15 day intervals, 
starting on September 15. The other dates were as follows: 
October 1, October 15, November 1, November 15, and De- 
cember I. 

Six varieties were chosen for this study. Four of the varieties 
had been previously selected for raffinose content. Varieties 55-401 
and 55-402 were selected from the U.S.D.A. strain SP 53-104-0. 
for high sugar, and high sugar and low raffinose respectively. 
Another low raffinose selection with similar breeding background 
as the two above was 55-413. Variety 55-413 was selected from 
the U.S.D.A. strain SP 5352-0. Both of the parent varieties, i.e., 
SP 53-104-0 and SP 5352-0, were curly-top-leaf-spot resistant vari- 
ties and appeared vary similar. 

The remaining three varieties were very closely related and 
were used by Finkner and Bauserman in a previously reported 
study (3). Strain 54-407 was the result of a random selection of 
mother beets from the same parent strain (American No. 1) as 
selections 54-410 and 54-411. The latter two were selected for 
high and low raffinose contents respectively. 
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The raffinose and galactinol contents were determined by the 
paper chromatography method and is reported as percent on dry 
substance. Sucrose determinations were made by the cold water 
extraction procedure and are reported as percent on beets. 


Results and Discussion 

Highly significant differences as shown in Table 1 were ob- 
tained for varieties for all attributes studied except galactinol: 
however significance at the five percent level was obtained for 
that character. Highly significant differences also were found 
between harvest dates for each of the characteristics. However, 
no significant interaction between varieties and harvest dates was 
detected. 

The dates of harvest means and LSD values are shown in 
Table 2 and the variety means and LSD values are shown in 
Table 3, for the six characteristics studied. Since the variety x 
dates interactions were not significant individual means are not 
shown. 


Table 2.—Dates of Harvest Means and LSD Values for the Six Characteristics Studied. 





Sept. Oct. Oct. Nov. Nov. Dec. LSD 
Characteristics Studied 15 I 15 1 15 1 05 
No. Beets per 35 Feet 45 42 42 43 42 41 2.40 
Tons Roots per Acre 17.51 17.02 17.92 17.26 16.20 14.62 1.17 
Percent Sucrose 13.26 15.32 16.50 17.34 16.73 16.87 0.38 
Pounds Sugar per Acre 4656 5219 5927 5993 5433 4958 417 
Percent Galactinol 0.131 0.117 0.119 0.124 0.148 0.151 014 
Percent Raffinose 0.27 0.27 0.24 0.33 0.39 0.41 .020 


d.f. = 5 and 150 





Table 3.—Variety Means and LSD Values for the Six Characteristics Studied. 





Varieties 

, sia ; LSD 
Characteristics Studied 55-401 55-402 55-413 55-407 55-410 55-411 05 
No. Beets per 35 Feet 43 45 44 42 40 41 2.5 
Tons Roots per Acre 15.22 17.16 15.83 17.97 16.99 17.36 1.40 
Percent Sucrose 15.53 15.26 14.91 16.21 17.07 17.03 0.56 
Pounds Sugar per Acre 4736 5237 4713 5801 5820 5890 557 
Percent Galactinol 0.141 0.140 0.131 0.129 0.127 0.121 013 
Percent Raffinose 0.36 0.29 0.33 0.31 0.36 0.26 .023 


d.f. = 5 and 20 
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Figure 1.—The means of six varieties for tonnage, sucrose, galactinol and 
raffinose at the Six Harvest Dates and the Mean Minimum Temperatures 
from one date of harvest to the next. 
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Although significant differences were detected for number of 
beets per plot, stands appeared to be adequate. As shown in Table 
2 the greatest range among varieties was a difference of five beets 
and between dates, four beets. In reality these differences were 
quite small and the yield potential of each strain should have 
been reached. To support this viewpoint it can be seen in Table 
3 that the lowest tonnage variety was above average in number 
of beets per plot while the highest tonnage variety was below 
average in number of beets. Significance also was detected for 
dates of harvest, but again from a practical standpoint these differ- 
ences were not great. The range in the average number of beets 
from the first date of harvest to the last consisted of only four 
beets. 

Significant differences were detected for varieties and dates 
of harvest for tons per acre. Strain 55-402 which was selected 
for high sugar and low raffinose percent yielded significantly 
more tonnage than its sister selection 55-401, which was selected 
only for high sucrose content. Selection 55-412 which was se- 
lected for low raffinose and had a similar breeding background 
as those mentioned above was second lowest in yield of roots 
and significantly lower than 55-402. The three strains selected 
from American No. | did not differ significantly from each other 
and all yielded significantly more than 55-401 

The tonnage of all varieties as shown in Figure | showed an 
increase at October 15 over the first date of harvest and then 
declined very rapidly. This decline probably was due to two 
main factors, freezing temperatures and drought. The night 
temperatures were very cold during the last part of October and 
all of November. These severe freezes killed most of the beet tops. 

Table 4 gives the mean maximum and minimum tempera- 
tures and the amount of precipitation during the test period and 
the departure from a 63 year average. 


Table 4.—Mean Maximum and Minimum Temperatures and Amount of Precipitation 
for September, October and November. 





. Mean Mean Amount Departure from 
Month Maximum Minimum (Inches) 63 Year Average 
September 86.73 50.23 .00 —.83 
October 75.74 40.03 33 —.42 
November 52.06 22.43 25 —.21 


58 minus 1.46 
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As shown in Table 4 the months during which this test was 
conducted were extremely dry. The most precipitation which 
occurred at one time was 0.33 inches in October. This test also 
was irrigated for the last time on September 15 right after the 
first harvest date. During the last harvest all leaves were brown 
and dry and the beet roots had shrunk enough that they were 
somewhat loose in the soil. This dehydration along with some 
loss due to respiration probably were the main factors in the 
loss of tonnage. 

The three selections from American No. | were all significantly 
higher in sucrose than the curly-top-leaf-spot varieties. However 
strains 54-410 and 54-411 were both significantly higher than the 
randomly selected strain 54-407. The two curly-top-leaf-spot 
resistant selections 55-401 and 55-402 were approximately equal 
in sucrose content, but strain 55-413 was significantly lower than 
55-401. 

The sucrose percent of the varieties increased significantly as 
the harvest was delayed until the last two harvests at which time 
there was a slight decrease as shown in Figure 1. This loss of 
sugar probably was indirectly caused by cold temperatures, i.e., 
the foliage was killed because of freezing and then as the tem- 
perature increased during the day a certain amount of respiration 
occurred which lowered the sucrose content. 


The amount of sucrose produced per acre followed fairly 
closely the trends shown by sucrose for varieties and dates of 
harvest, except for the last harvest date. Evidently the last har- 
vest was markedly. effected by the drop in tonnage. 

Varieties were significantly different at the five percent level 
for galactinol as shown in Table 1. In general the strains selected 
from American No. | were lower in galactinol content than the 
curly-top-leaf-spot varieties. There also was a tendency, although 
not significant, for the low raffinose selections to be slightly 
lower in galactinol than their sister selections. Dates of harvest 
had a highly significant effect on the galactinol content of beets 
as shown in Figure 1. The galactinol content for harvest dates 
increased after the temperature dropped to or below 34 degrees 
Fahrenheit. It is not known what physiological processes were 
involved to produce this increase in galactinol content, but 
whatever process it may be, cold temperatures appear to have 
been one of the factors. 


The raffinose content of beets also showed a very marked and 
striking increase as the temperature dropped as shown in Figure 
1. However as early as 1911 Zitkowski (10) stated that one of 
the conditions which caused raffinose to form in large quantities 
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was undoubtedly the action of frost. Certainly the data verifies 
this observation. 

All varieties reacted similarly to the various dates of harvest 
as no significant interactions, were found as shown in Table lI. 
However varieties were significantly different in raffinose content 
as shown in Table 3. Strain 55-401 was significantly higher in 
raffinose content than its sister strain 55-402. This was ex- 
pected as 55-402 was selected for low raffinose. Strain 55-413 
which was selected for low raffinose, also had less raffinose than 
55-401 but contained a greater percent than 55-402. Selections 
54-410 and 54-411 were of great interest because they had been 
selected for high and low raffinose content respectively from 
American No. |. Selection 54-407 also was selected at random 
from the same parent variety but no selection pressures were 
applied for or against raffinose content. Therefore if the selec- 
tion pressures applied were effective and equal in each direction, 
strain 54-407 should be exactly midway between the difference of 
the high and low strain. The mean of the high strain 54-410 
was .36 percent, the mean of the low strain 54-411 was .26 per- 
cent or a difference of .10, therefore selection 54-407 should have 
been, and was .31 percent. 

From the data presented here it is obvious that raffinose 
was more effected by harvest dates than were any of the other 
characters studied. These changes in raffinose also were shown 
to be associated with cold temperatures. The raffinose and the 
sucrose contents were found, as shown in Figure 1, to increase 
between the October 15 and November | dates of harvest. This 
may be an indication that each of these sugars has its own 
physiological systems and that sucrose was not being converted 
into raffinose. However, the increase of sucrose during these 
dates of harvest may have been affected by dehydration, as was 
tonnage. Therefore, additional data are needed to test this 
hypothesis. 

Since the observations for dates of harvest were taken at 
equally spaced intervals the response of each character studied, 
can be easily characterized by the use of orthogonal polynomials. 
In only two of the characters studied, sucrose and raffinose, were 
significances detected for any of the five possible polynomial 
regressions. The linear response of sucrose for dates of harvest 
was first tested and found to be significant but the deviations 
from linearity also were significant. The quadratic component 
was found to be significant and the deviations from the quad- 
ratic were non-significant. Therefore, this response curve as shown 
in Figure | can be satisfactorily approximated by a second degree 
polynomial, indicating that the rate of sucrose accumulation 
decreases as the dates of harvest were delayed. 
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(1) 


(2) 


(9) 


(10) 





The first degree polynomial was the only one which showed 
significance for raffinose indicating, within the range of this study, 
that the raffinose content increased in a linear response as har- 
vest was delayed. This increase undoubtedly was due to the cold 
temperature which existed at the later harvests. 


Raffinose content was found to increase significantly and in 
a linear trend as harvest was delayed when the mean minimum 
temperature was near 34 degrees Fahrenheit or below. Strains 
which were selected for high and low raffinose content bred true. 

Tonnage dropped sharply with colder temperatures and later 
harvests. This reduction was believed to be due to respiration 
and drought. 

Sucrose increased very rapidly until freezing temperatures 
occurred and then declined slowly. The quadratic component 
of this curve was found to be significant. 

The galactinol content increased with later dates of harvest, 
but not to the same extent as raffinose. 
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Summary 
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